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Summary of Proceedings of the 
37th Annual Meeting 


HE Thirty-Seventh Annual Convention of the American 

Foundrymen’s Association was held June 20-23 at the Stev- 

ens Hotel, Chicago. An exposition of foundry equipment 
and supplies also was held in connection with this meeting, in 
the Exposition Hall of the hotel. 

In addition to the regularly scheduled sessions of a technical 
character, the week was notable because of conferences held for 
discussion of the National Industrial Recovery Act, signed by 
President Roosevelt shortly before the convention opened. Four 
of these conferences were held under auspices of the Steel 
Founders’ Society of America, Gray Iron Institute, Malleable 
Iron Research Institute and Foundry Equipment Manufacturers’ 
Association, while the fifth, for nonferrous foundrymen, was held 
at the call of the A.F.A. Secretary. The nonferrous group at this 
meeting formulated an organization known as the Nonferrous 
Foundry Association for Industrial Recovery. 

Of the regular association meetings, five weré held jointly 
with other organizations, as follows: (a) Joint luncheon of A.F.A. 
and Foundry Equipment Manufacturers’ Association; (b) Foun- 
dry Housekeeping Conference, with National Founders’ Associ- 
ation; (ce) Electric Power Costs Conference, with Steel Found- 
ers’ Society of America, Gray Iron Institute and Malleable Iron 
Research Institute; (d) Materials Handling session, with Ma- 
terials Handling Division of American Society of Mechanical 
Engineers; (e) Symposium on Cast Iron Tests and Specifications, 
with American Society for Testing Materials. 

No evening meetings were held during the four days of the 
Convention, and the usual annual banquet also was dispensed 
with. Elimination of these events was occasioned by the desire 
to allow visiting members a maximum amount of time for visit- 


ing the Century of Progress Exposition. 


OPENING SESSION 
Tuesday, June 20, 10:00 A. M. 
Presiding: President T. S. Hammond, Vice-President Frank J. 
Lanahan. 
v 
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President Hammond opened the meeting with a short address of 
welcome and a review of Association activities for the previous year, 
after which he called upon Vice-President Lanahan, who responded 
briefly. Secretary C. E. Hoyt then discussed convention activities. 

D. M. Avey, chairman of the International Relations Committee, 
proposed, inasmuch as the Institute of British Foundrymen was meeting 
at the same time, that the following cablegram be sent in the form of a 
resolution : 

“The American Foundrymen’s Association, at opening ses- 
sion Chicago Convention, conveys to Institute of British 
Foundrymen friendly greetings. May our several activities 
prosper and benefit the foundry world and our cordial rela- 
tionships continue a pattern for molding international amity.” 

This cablegram was approved and dispatched, and in response the 
following letter was received subsequent to the convention: 


INSTITUTE OF BRITISH FOUNDRYMEN 


St. Johns Street Chambers, 
Deansgate, Manchester. 
27th June, 1933 
T. S. Hammond, President 
American Foundrymen’s Association 
Dear Mr. Hammond: 

I am instructed by the Annual General Meeting of the 
Institute of British Foundrymen to thank you for your 
sablegram received at our Annual Conference in Cardiff on 
2ist June. Our members were very delighted to receive 
your cablegram and appreciate the cordial and friendly mes- 
sage which you sent us. 

We trust that your conference in Chicago was as big a 
success as your previous conferences have been, and that you 
were able to see unmistakable signs of returning world pros- 
perity. 

You will be glad to know that our own Cardiff confer- 
ence was a very happy and successful one, and we are all 
hoping that before long there will be a return of the trade 
which we all so much desire. 

With kind regards, yours sincerely, 
INSTITUTE OF BRITISH FOUNDRYMEN 
Tom MAKEMSON, General Secretary. 


President Hammond announced that next on the agenda was the 
appointment of a committee of three to select four members of the 
1934 Nominating Committee, and he called upon Secretary Hoyt to 
make a statement regarding this procedure. The Secretary quoted 
Article IX, Section 1 of the By-Laws, reading as follows: 

“There shall be created annually a Nominating Commit- 
tee consisting of the last three living past-presidents of the 
Association and four other members to be elected by the 
members of the Association at least four months prior to 
the first day of the Annual Convention. The manner of their 
election shall be prescribed by the Board of Directors.” 


Secretary Hoyt then added the following statement: 


“At a meeting of the Executive Committee held November 17, 
1932, it was voted to recommend to the Board of- Directors that 
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four members of the 1934 Nominating Committee, as provided for 
in Article IX, Section 1 of the By-Laws, be elected by the mem- 
bers at the 1933 annual meeting of the Association. This recom- 
mendation having been approved by the Board, it will be in order 

at the annual business meeting on Thursday to elect four mem- 

bers of the 1934 Nominating Committee, and the agenda of the 

present meeting provide for appointment by the President of a 

nominating committee of three to present nominations at the an- 

nual meeting.” 

The President then appointed the following: P. T. Bancroft, John 
Deere Harvester Works, East Moline, Ill.; John W. Bolton, The Lunk- 
enheimer Co., Cincinnati; J. H. Lansing, Danville Malleable Iron Div., 
Allith-Prouty Co., Danville, Ill. This committee was instructed to re- 
port at the Annual Business Meeting on Thursday, June 22. 

The Opening Session was then adjourned. 


CONFERENCE ON ELECTRIC POWER CosTSs 
Monday, June 19, 2:00 P. M. 
(Held under auspices of a joint committee of the Steel 
Founders’ Society of America, Gray Iron Institute and Mal- 
leable Iron Research Institute.) 

Chairman, J. R. Allan, International Harvester Co., Chicago. 

This conference was called by a joint committee to discuss data 
secured from a questionnaire sent to users of electric furnaces for 
melting metal for castings. Chairman Allan opened the meeting by 
presenting a summary of the data thus received. Following discussion 
of this report, a motion was made as. follows: 


“It is moved that the Committee be thanked for its activity 
in securing the data presented and that the Committee be con- 
tinued to assemble further data on the subject.” 


The motion was seconded and carried. 


SAnD CoNnTROL SHOP-OPERATION CouRSE (Session 1) 
Tuesday, June 20, 8:30 A. M. 


Chairman, W. G. Reichert, Singer Mfg. Co., Elizabeth, N. J. 
This session was devoted to discussion of the application of sand 
control to continuous and jobbing foundries. 


A. V. Leun, Bethlehem Steel Co., Bethlehem Pa., led the discussion 
on Essential Apparatus for Sand Control. 


R. F. Harrington, Hunt-Spiller Mfg. Corp., Boston, presented a dis- 
cussion on Application of Sand Control. 


Gray Iron SHoP-OPERATION CouRSE (Session 1) 
Tuesday, June 20, 8:30 A. M. 
Chairman, P. T. Bancroft, John Deere Harvester Works, East Mo- 
line, - Tl. 
This session was devoted to a discussion of Small Cupolas and Their 
Operation; discussion led by D. J. Reese, Whiting Corp., Harvey, Il. 


Founpry SAND RESEARCH 
Tuesday, June 20, 10:30 A. M. 


Chairman, R. F. Harrington, Hunt-Spiller Mfg. Corp., Boston. 
The following papers were read and discussed: 
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Grain Structure Effect on Mold Permeability Control, by H. W. 
Dietert and Frank Valtier, H. W. Dietert Co., Detroit. (Read by Mr. 
Dietert. ) 

Effect of Silt on Bonding Strength of Clay, by Dr. H. Ries and R. 
C. Hills, Cornell University, Ithaca, N. Y. (Read by Dr. Ries.) 

Sea Coal Effects on Sand, by Ben Hird, Keen & Nettlefolds, Ltd., 
_ Newport, Mon., England. The 1935 exchange paper of the Institute of 

British Foundrymen. (In absence of author, read by John Grennan, 
University of Michigan, Ann Arbor, Mich.) 

Following presentation of these papers, Dr. Ries presented an in- 

formal report on the progress of activities of the Committee on Foundry 


Sand Research. 


JOINT A.F.A. AND F.E.M.A. LUNCHEON 
Tuesday, June 20, 12:30 P. M. 

Presiding: T. S. Hammond, President, A.F.A.; H. S. Simpsgn, Pres- 
ident F.E.M.A. 

Following the luncheon, General Hammond as President of the 
A.F.A. made a few remarks and then turned the meeting over to Mr. 
Simpson as President of F.E.M.A. Mr. Simpson then introduced Fred 
Sargent, President of Chicago & Northwestern Ry., Chicago, who de- 
livered an address on “Business and Politics.” 


FOUNDRY REFRACTORIES 
Tuesday, June 20, 2:30 P. M. 

Chairman, A. V. Leun, Bethlehem Steel Co., Bethlehem, Pa. 

Two papers were presented and discussed, as follows: 

Cupola Refractories, by Dr. E. E. Marbaker, Industrial Research & 
Engineering Co., Pittsburgh. (In absence of author, read by J. M. Me- 
Kinley, North American Refractories Co., Cleveland.) 

Factors Affecting the Service of Clay Refractories in Iron Foundries, 
by Robt. C. Zehm, The Stevenson Co., Wellsville, Ohio. 


FounpDRY Costs 
Tuesday, June 20, 2:30 P. M. 

The Foundry Costs Committee developed a unique type of session 
by sponsoring a 4-act play, Building for Profits. The play, effectively 
dramatizing the benefits of an efficient cost system, was written by A. 
E. Grover, Cost Director of the Gray Iron Institute, and staged by Mr. 
Grover and the Cost Committee under direction of committee Chairman 
Jas. L. Wick, Jr., Falcon Bronze Co., Youngstown, Ohio. The cast in- 
cluded the following: 

A. E. Grover, Gray Iron Institute, Cleveland. 

Jas. L. Wick, Jr., Falcon Bronze Co., Youngstown, Ohio. 

R. E. Belt, Malleable Iron Research Institute, Cleveland. 
Morris Shirk, Berea, Ohio. 

Geo. B. Michie, Electro-Refractories & Alloys Corp., Buffalo. 
T. C. Watts, Falcon Bronze Co., Youngstown, Ohio. 

T. W. Campbell, Electro-Refractories & Alloys Corp., Buffalo. 
Luke U. Milward, Electro-Refractories & Alloys Corp., Buffalo. 


Benj. D. Fuller, Whitehead Bros. Co., Cleveland. 
John H. Diedrich, Blackhawk Foundry & Machine Co., Daven- 


port, Iowa. 
W. W. Kerlin, Gray Iron Institute, Cleveland. 
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Sanp CoNTROL SHOP-OPERATION CouURSE (Session 2) 
Wednesday, June 21, 8:30 A. M. 
Chairman, Dr. H. Ries, Cornell University, Ithaca, N. Y.; Vice- 
Chairman, W. G. Reichert, Singer Mfg. Co., Elizabeth, N. J. 
The subject discussed at this session was Classification and Specifi- 
cation of Sands. One paper was presented, as follows: 


Application of Sand Testing by the Producer, by C. M. Hardy, 
Houghland & Hardy, Evansville, Ind. 


Gray Iron SHoOP-OPERATION CouRSE (Session 2) 
Wednesday, June 21, 8:30 A. M. 


Chairman, John Grennan, University of Michigan, Ann Arbor, Mich. 
Discussion at this session was on Gating Terms, led by H. W. 
Dietert, U. S. Radiator Corp., Detroit. 


Cast IRON—MELTING 
Wednesday, June 21, 10:00 A. M. 


Chairman, John W. Bolton, Lunkenheimer Co., Cincinnati; Vice- 
Chairman, Max Kuniansky, Lynchburg Foundry Co., Lynchburg, Va. 

Papers read and discussed at this meeting were as follows: 

Experience of a Gray Iron Jobbing Foundry with the Rocking-Type 
Electric Furnace, by C. R. Culling, Carondelet Foundry Co., St. Louis. 

Air-Furnace Cast Iron, by D. P. Forbes, Gunite Corp., Rockford, Ill. 

Effect of Slags on Cupola Operation and Metal Structure, by R. H. 
Bancroft and A. C. Myers, Perfect Circle Co., Newcastle, Ind. (Pre- 
sented by Mr. Bancroft.) 


ALLOYS IN STEEL CASTINGS 
Wednesday, June 21, 10:00 A. M. 

Chairman, R. A. Bull, Chicago; Vice-Chairman, W. C. Hamilton, 
American Steel Foundries, East Chicago, Il. 

Four papers reviewing the effects of alloys in steel castings were 
presented and discussed, as follows: 

Vanadium in Steel Castings, by Jerome Strauss, Vanadium Corp. of 
America, Bridgeville, Pa. 

Chromium in Steel Castings, by J. H. Critchett, Union Carbide & 
Carbon Research Laboratories, New York. 

Molybdenum in Cast Steel, by H. W. Gillett and J. L. Gregg, Battelle 
Memorial Institute, Columbus, Ohio. (Presented by Dr. Gillett.) 

Properties and Uses of Some Cast Nickel Alloy Steels by A. G. Zima, 
International Nicke! Co., New York. 


NONFERROUS CASTINGS AND BUSINESS MEETING 
OF NONFERROUS DIVSION 
Wednesday, June 21, 10:00 A. M. 

Chairman, Sam Tour, Lucius Pitkin, Inc., New York; Vice-Chair- 
man, Jerome Strauss, Vanadium Corp. of America, Bridgeville, Pa. 

Papers presented and discussed were as follows: 

Effect of Small Additions of Aluminum, Silicon and Phosphorus to a 
Zieaded Bronze, by H. J. Roast, McGill University, Montreal, Canada. 

A Study of Six Bearing Metals, by O. E. Harder, Battelle Memorial 
Institute, Columbus, Ohio, and C. 8S. Cole, Copper and Brass Research 
Association, New York. (Presented by Mr. Cole.) 
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Beryllium-Copper Castings, by E. F. Cone, New York. (In absence 
of author, read by Mr. Riley of the Beryllium Development Corp., New 
York.) 

The business meeting of the Nonferrous Division was held imme- 
diately following, Division Chairman Tour presiding. 

Vice-Chairman Strauss announced the death of H. F. Seifert, who 
was chairman of the Committee on Recommendations for Design of 
Nonferrous Castings and a member of the division Advisory Committee. 
A resolution was presented and approved, to be presented in appropriate 
form to the family of Mr. Seifert and to the Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa., with whom Mr. Seifert had been con- 
nected for a number of years. 

Chairman Tour then reviewed the activities of the division for the 
past year. Committee reports were presented by H. M. St. John, De- 
troit Lubricator Co., Detroit, as chairman of the Round-Table Commit- 
tee, and by R. L. Binney, Binney Castings Co., Toledo, Ohio, as chair- 
man of the Program Committee. T. E. Kihlgren, International Nickel 
Co., Bayonne, N. J., chairman of the Symposium on Deoxidation and 
Degasification, reviewed the purpose of the symposium and stated that 
it was the object to carry this subject through future meetings. 


MALLEABLE IRON 
Wednesday, June 21, 10:00 A. M. 


Chairman, Fred L. Wolf, Ohio Brass Co., Mansfield, Ohio. 

Three papers were presented and discussed, as follows: 

High-Strength Wear-Resistant Malleable Iron, by Rebecca Hall, Chi- 
cago. (In absence of author, presented in abstract by E. K. Smith, 
Electro Metallurgical Co., Chicago.) 

Effect of Superheat on Annealing of Malleable Iron, by A. E. White 
and R. Schneidewind, University of Michigan, Ann Arbor, Mich. (Read 
by Dr. Schneidewind.) 

Sand Control in a Continuous Molding System, by Charles Morri- 
son, Saginaw Malleable Iron Div., General Motors Corp., Saginaw, Mich. 

Chairman Wolf announced that the Honorary Degree of Doctor of 
Science had been conferred upon H. A. Schwartz, member of the Mal- 
leable Division Advisory Committee, by Rose Polytechnic Institute on 


June 10. 


Steet Division RouND-TABLE CONFERENCE 
Wednesday, June 21, 12:30 P. M. 

Chairman, P. E. McKinney, Bethlehem Steel Co., Bethlehem, Pa.; 
Vice-Chairman, F. A. Melmoth, Detroit Steel Castings Co., Detroit. 

Following luncheon, the following paper and reports were presented 
and discussed : 

Coreless Induction Furnaces, by W. E. McKibben, General Electric 
Co., Schenectady, N. Y. (In absence of author, read by Mr. Meyer, Ajax 
Electrothermic Corp., Philadelphia.) 

Report of Chairman of Steel Division, presented by F. A. Melmoth, 
Detroit Steel Casting Co., Detroit, Chairman. 

Report of Committee on Specifications for Steel Castings, presented 
by W. C. Hamilton, American Steel Foundries, East Chicago, Ind., com- 
mittee chairman. 
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Report of Committee on Classification of Steels for Castings. (In 
absence of committee chairman, presented by R. A. Bull, Chicago.) 

Report of A.F.A. Representative on Joint Committee on Investiga- 
tion of Effect of Phosphorus and Sulphur in Steel, presented by R. A. 
Bull, Chicago, A.F.A. representative. 

Following the presentation of these reports a motion was made that 
they be accepted as reports of progress. Motion put to vote and ap- 
proved. 

The report on Specifications for Steel Castings then was discussed 
in detail. 


MALLEABLE DIVISION ROUND-TABLE CONFERENCE 
Wednesday, June 21, 12:30 P. M. 

Chairman, J. H. Lansing, Danville Malleable Iron Div., Allith- 
Prouty Co., Danville, Ill. 

Following luncheon, three subjects were presented for discussion, 
subjects and discussion leaders being as follows: 

Some Anomalies in Annealing; led by H. A. Schwartz, National 
Malleable & Steel Castings Co., Cleveland. 

High-Temperature Properties of Malleable Iron; led by H. W. Maack, 
Crane Co., Chicago. 

Cracks and Pouring Temperatures; led by E. M. Handley, Chain 
Belt Co., Milwaukee. 


NONFERROUS DIVISION ROUND-TABLE CONFERENCE 
Wednesday, June 21, 12:30 P. M. 
Chairman, H. M. St. John, Detroit Lubricator Co., Detroit. 
This conference was organized for informal discussion of subjects 
proposed informally by those present. Among the subjects thus dis- 
cussed were laboratory equipment, and dirt and gas porosity. 


SAND CONTROL SHOP-OPERATION COURSE (Session 3) 
Thursday, June 22, 8:30 A. M. 

Chairman, H. W. Dietert, U. S. Radiator Corp., Detroit. 

This session was devoted to discussion of, first, defects in castings 
due to sand, and second, improvement of surface qualities. On the first 
topic, Chairman Dietert presented a chart outlining the various defects 
and remedies for them. 


Gray Iron SHOP-OPERATION COURSE (Session 3) 
Thursday, June 22, 8:30 A. M. 

Subjects discussed, and leaders of discussion at this session, were 
as follows: 

Cast Iron Structures; led by E. K. Smith, Electro Metallurgical 
Co., Chicago. . 

Refractories for a Small Cupola; led by G. Olson, Illinois Malleable 
Iron Co., Chicago. 

The Recommendations for Cupola Refractories, prepared under 
auspices of the Division of Simplified Practice, Bureau of Standards, 
were read and discussed. A motion was approved that they be referred 
back to the Joint Committee on Foundry Refractories for revision. 
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STEEL CASTINGS 


Thursday, June 22, 10:00 A. M. 

Chairman, F. A. Lorenz, Jr., American Steel Foundries, Chicago; 
Vice-Chairman, Geo. Batty, Steel Castings Development Bureau, Nar- 
berth, Pa. 

The following papers were presented and discussed: 

Studies on Solidification and Contraction and Their Relation to 
Formation of Hot Tears in Steel Castings, by C. W. Briggs and R. A. 
Gezelius, Naval Research Laboratory, Bellevue, Anacostia, D. C. (Read 
by Mr. Briggs.) 

Dynamic Properties of Steel Castings as Determined by the Impact 
Test, by Fred Grotts, Continental Roll & Steel Foundry Co., East Chi- 
cago, Ind. 

Advantages to Foundrymen of Radiographic Inspection, by H. R. 
Isenburger, St. John X-Ray Corp., New York. 


Cast IRoN 
Thursday, June 22, 10:00 A. M. 

Chairman, Jas. T. MacKenzie, American Cast Iron Pipe Co., Bir- 
mingham, Ala.; Vice-Chairman, R. S. MacPherran, Allis-Chalmers Mfg. 
Co., Milwaukee. 

The following papers were presented and discussed: 

Properties of Gray Cast Iron as Affected by Casting Conditions, by 
C. M. Saeger, Jr. and E. J. Ash, Bureau of Standards ,Washington. (In 
absence of authors, presented in abstract by Jas. T. MacKenzie, Amer- 
ican Cast Iron Pipe Co., Birmingham, Ala.) 

Titanium in Cast Iron, by G. F. Comstock, Titanium Alloy Mfg. Co., 
Niagara Falls, N. Y. (In absence of author, presented in abstract by 
Mr. Welling.) 

High-Silica Heat-Resisting Cast Irons, by A. L. Norbury and H. H. 
Morgan, British Cast Iron Research Association, Birmingham, England. 
(In absence of. authors, read by J. S. Vanick, International Nickel Co., 
New York.) 

Martensitic Quenching of Cast Irons, by Georges R. Delbart, Ate- 
liers des Anciens Establissements Cail, Denain, France. The 1933 ex- 
change paper of the French Foundry Technical Association. (In absence 
of author, presented in abstract by H. Bornstein, Deere & Co., Moline, 
Til.) 

Silica and Manganese as Deoxidizers in Cast Iron, by A. H. Dierker, 
Ohio State University,-Columbus, Ohio. . 


SYMPOSIUM ON DEOXIDATION AND DEGASIFICATION 
OF BRoNzE FouNnpRY ALLOYS 
Thursday, June 22, 10:00 A. M. 
Chairman, T. E. Kihlgren, International Nickel Co., Bayonne, N. J.; 
Vice-Chairman, Dr. C. H. Lorig, Battelle Memorial Institute, Columbus, 


Ohio. 
This symposium was organized for discussion of the subject as re- 


lated to three types of alloys. The three classes and the leaders of 
discussion on them, were as follows: 

Alloy Group 1—Valve Bronzes, 85-5-5-5 type; discussion led by John 
W. Bolton, Lunkenheimer Co., Cincinnati. 

Alloy Group 2—Tin Bronzes, 88-11 type; discussion led by O. W. 
Ellis, Ontario Research Foundation, Toronto, Canada. In presenting this 
discussion, Mr. Ellis read a paper on Mechanism of Inverse Segregation. 


ees 


ote hae nie a 





ee rs 




































xiii 





SUMMARY OF PROCEEDINGS 


Alloy Group 3—Leaded Bearing Bronzes, 80-10-10 type; discussion 
led by G. H. Clamer, Ajax Metal Co., Philadelphia. 


ANNUAL BUSINESS MEETING 
Thursday, June 22, 1:30 P. M. 
Report of the Annual Business Meeting will be found on page xv. 


FouNDRY HOUSEKEEPING CONFERENCE 
Thursday, June 22, 2:30 P.M. 


(Joint meeting of A.F.A. and National Founders’ Association.) 


Chairman, S. W. Utley, Detroit Steel Casting Co., Detroit, Past- 
President of A.F.A. and President of National Founders’ Association. 

This session was called for discussion of problems of foundry house- 
keeping, especially as related to the problem of dust control. The fol- 
lowing papers were presented and discussed ; 

The Dust Problem in the Foundry Industry, by Dr. E. G. Meiter, 
Employers Mutual Liability Insurance Co., Milwaukee. 

Legal Aspects and Employer Responsibility, by Alfred C. Hirth, 
Williams Eversman & Morgan, Toledo, Ohio. 

Keeping a Clean and Orderly Foundry, by A. D. Lynch, Ohio Brass 
Co., Mansfield. Ohio. 


Sanp ControLt SHop-OPERATION CouRSE (Session 4) 
Friday, June 23, 8:30 A.M. 


Chairman, Dr. H. Ries, Cornell University, Ithaca, N. Y. 
This session was devoted to informal discussion of problems on sand 
control as brought forward by those present. 


Gray IRoN SHOP-OPERATION CouRSE (Session 4) 
Friday, June 23, 8:30 A.M. 


Chairman, H. Bornstein, Deere & Co., Moline, Tl. 

The general subject under discussion was Alloys in Cast Iron. Sub- 
jects presented, and discussion leaders, were as follows: 

Chromium; led by E. K. Smith, Electro Metallurgical Co., Chicago. 

Nickel; led by J. S. Vanick, International Nickel Co., New York. 

Molybdenum; led by E. R. Young, Climax Molybdenum Co., Detroit. 

Vanadium; led by Jerome Strauss, Vanadium Corp. of America, 
Bridgeville, Pa. 


Cast IRON TESTS AND SPECIFICATIONS 
Friday, June 22, 10:00 A.M. 


(Joint session of A.F.A. and American Society for Testing Materials.) 


Chairman, H. Bornstein, Deere & Co., Moline, Ill, Chairman of 
A.F.A. Gray Iron Division and of A.S.T.M. Committee A-3 on Cast Iron. 
The purpose of this meeting was to present practical information on 
tests and specifications, and the various phases of the subject were pre- 
sented in a series of papers, as follows: 
Introduction, by H. Bornstein, Deere & “9 Moline, Ill. 
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Significance of Testing Cast Iron and Limitations of Testing, by H. 
Bornstein. 


Correlation of Test Bar and Casting, by R. S. MacPherran, Allis- 
Chalmers Mfg. Co., Milwaukee. 


Transverse and Tensile Tests, Modulus of Elasticity, Fatigue and 
Impact Tests, by R. S. MacPherran. 


A.S.T.M. Specification A48-32T, by John W. Bolton, Lunkenheimer 
Co., Cincinnati. 


Mechanism of Testing, by Jas. T. MacKenzie, American Cast Iron 
Pipe Co., Birmingham, Ala. 

Factors in Production of Test Bars, by Jas. T. MacKenzie. 

Wear Tests and Value of Hardness Testing for Control of Product, 
by A. L. Boegehold, General Motors Research Laboratories, Detroit. (In 
absence of Mr. Boegehold, presented by R. F. Harrington, Hunt-Spiller 
Mfg. Corp., Boston. ) 


MATERIALS HANDLING 
Friday, June 23, 10:00 A.M. 
(Joint meeting of A.F.A. and Materials Handling Division of 
American Society of Mechanical Engineers.) 
Chairman, Jervis B. Webb, Jervis B. Webb Co., Detroit. 
Papers presented and discussed at this meeting were as follows: 
The Field of Materials Handling in Small Foundries, by Max A. 


Amos, Standard Automotive Parts Co., and Robt. W. Grace, Muskegon, 
Mich. (Presented by Mr. Amos.) 


The Field of Materials Handling in Semi-Production Foundries, by 
R. G. Wieland, Forest City Foundries Co., Cleveland. 


APPRENTICE TRAINING CONFERENCE 
Friday, June 23, 12:30 P.M. 


Presiding, John H. Ploehn, French & Hecht, Inc., Davenport, Iowa. 

This conference was for discussion of the present needs of the in- 
dustry as related to apprentice training. A. B. Peirce, Director of De- 
partment of Industrial Education, National Metal Trades Association, 
Chicago, served as the conference leader. 


CONFERENCE ON FOUNDRY EDUCATION IN ENGINEERING SCHOOLS 
Friday, June 23, 2:00 P.M. 

Chairman, Frank J. Lanahan, Fort Pitt Malleable Iron Co., Pitts- 
burgh; Vice-Chairman, Frank G. Steinebach, The Foundry, Cleveland. 

This conference was for the purpose of bringing together representa- 
tives of the various schools and executives of the foundry industry to 
discuss problems related to foundry instruction in engineering schools, 
and for discussion of a report presenting a recommended outline for a 
foundry course as submitted by the Joint Committee on Foundry Edu- 
cation in Engineering Schools. This recommendation was accepted. 


Annual Business Meeting 


AMERICAN FoOUNDRYMEN’s ASSOCIATION 
Stevens Horen, Cuicago, JUNE 22, 1933 


Presiding, Frank J. Lanahan, Vice-President. 

In opening the annual business meeting, Mr. Lanahan said he was 
sorry to announce that President Hammond had been called away and 
could not be at this meeting, and that it would be his prerogative, as 
Vice-President, to preside at this session. 

The Chair called on Executive Secretary Hoyt, who stated that with 
the permission of the members, the annual reports of the Executive Sec- 
retary, Treasurer and Manager of Exhibits would be presented to the 
Board of Directors following the close of the fiscal year, July 1st. 

He then expressed appreciation of the loyal support of those mem- 
bers who, through these trying times, had continued their support, and 
those exhibitors who, under very adverse conditions, came through so 
loyally and helped to make the convention a successful one. He also 
expressed appreciation to all authors and committee members who, 
through their contributions, had helped so splendidly during the year. 

The Chair then called on Technical Secretary R. E. Kennedy, who 
presented an abstract of his report on technical activities. 

D. M. Avey, Chairman of the Committee on International Relations, 
read two cablegrams of felicitations from the Institute of British Foun- 
drymen and the French Foundry Technical Association. Mr. Avey also 
reported on plans being made for the Fifth World Foundry Congress 
which is scheduled to be held in the United States in 1934. 

Secretary Hoyt then presented the report of the 1933 Nominating 
Committee, which was as follows: 

“The 1933 Nominating Committee of A.F.A., elected in accord- 
ance with the provisions of the By-Laws, met in Cleveland, March 
4, at which meeting the following were nominated for officers and 
directors : 


For President, to serve one year— 
Frank J. Lanahan, President, Fort Pitt Malleable Iron Co., 


Pittsburgh. 


For Vice-President, to serve one year— 
Dan M. Avey, Editor, The Foundry, Cleveland. 


For Directors, each to serve three years— 

George Batty, Technical Director, Steel Castings Development 
Bureau, Narberth, Pa. 

T. S&S. Hammond, President, Whiting Corp., Harvey, Ill. 

R. J. Teetor, General Manager, Cadillac Malleable Iron Co., 
Cadillac, Mich. 

R. F. Harrington, Metallurgist, Hunt-Spiller Mfg. Corp., Boston. 

Jas. L. Wick, Jr., President and General Manager, Falcon 
Bronze Co., Youngstown, Ohio. 
For Director, to serve one year— 

Dr. H. Ries, Department of Geology, Cornell University, Ithaca, 
N. Y., and Technical Director, Committee on Molding Sand Re- 


search, 
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“This report was submitted to the membership by mail on 
March 21. As no other candidates for officers and directors have 
been nominated, as provided for in the By-Laws, it will be in 
order at this Annual Meeting to declare the candidates named in 
the report of the committee duly elected to the offices for which 
they were nominated, to take office at the annual meeting of the 
Board of Directors following the close of this Convention.” 
Past-President E. H. Ballard, General Electric Co. West Lynn, 

Mass., then presented the following motion: “That these candidates be 
elected to the respective offices for which they were nominated in ac- 
cordance with the By-Laws.” The motion was seconded by Past-Presi- 
dent A. B. Root, Jr. Secretary Hoyt put the motion, which was unani- 
mously approved. 

Vice-President Lanahan expressed appreciation for his election as 
President of the Association. He then introduced the newly elected 
Vice-President and Directors. 

Secretary Hoyt reported that at the meeting of the Board of Di- 
rectors, held Wednesday, June 21, a recommendation was approved to 
the effect that President Hammond be elected to Honorary member- 
ship on his retirement as president of the Association. Secretary Hoyt 
moved adoption of this recommendation, and on being seconded by Vice- 
President elect D. M. Avey, the motion was unanimously carried. 

Secretary Hoyt then made the following statement: 

“At the Opening Session on Monday, the Secretary reported 
that in accordance with provisions of the By-Laws, the Board of 
Directors had unanimously approved of the election of four mem- 
bers of the 1934 Nominating Committee at this annual meeting. 
Accordingly, President Hammond appointed a committee of three 
members, on nominations.” 

Chairman Lanahan then called for the report of this committee, 
which was read by P. T. Bancroft, as follows: 

“Your committee begs leave to submit the names of the follow- 
ing members to act on the 1934 Nominating Committee: 

W. C. Hamilton, American Steel Foundries, East Chicago, Ind. 

E. E. Griest, Chicago Railway Equipment Co., Chicago. 

A. E. Boegehold, General Motors Research Laboratories, Detroit. 

BE. F. Hess, Ohio Injector Co., Wadsworth, Ohio. 

Respectfully submitted, 
P. T. Bancorort, Chairman 
JOHN W. BOLTON 
J. H. LANSING” 

Past-President Ballard moved that the report of the committee be 
accepted, that nominations be closed, and that the meeting ballot on 
names presented; motion seconded and carried. A ballot was taken and 
the four members recommended were unanimously elected members of 
the 19384 Nominating Committee. 

Chairman Lanahan next called on Past-President Ballard as chair- 
man of the Board of Awards. Mr. Ballard responded as follows: 

“Mr. President and Members of A.F.A., I have been delegated 
to perform a most pleasant duty in presenting to a very distin- 
guished chemist and diligent worker in the Nonferrous Industry, a 
symbol of appreciation of his accomplishments, his untiring efforts, 
bringing into light that which remained in darkness to the industry 
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with which he has been associated for nearly forty years. That he 
is a searcher for truth is evidenced by the fact that he was a 
pioneer in applying chemistry in the Nonferrous Metals Industry. 

“His early training in City Manual Training School of Phila- 
delphia, and later at the University of Pennsylvania where he gradu- 
ated with degree of B.S., followed by work in the private chemical 
laboratory of a noted mineral chemist, ideally fitted him for work— 
not only with his hands, but with his brain. His achievement in 
developing the scientific use of scrap based on analysis was a dis- 
tinct contribution to the industry. His development of high- 
strength alloys for special requirements in ferrous and nonferrous 
metals was another outstanding contribution, as was his invention 
of a refining process in 1901, for which he was awarded the Elliot 
Cresson Gold Medal of the Franklin Institute. 

“Under his direction his own company developed several types 
of melting furnaces. Particularly noteworthy is the electric in- 
duction furnace. He has to his lasting credit many other contribu- 
tions which are of equal importance and are elsewhere recorded. 

“It is an old saying, ‘If you want to have a job well done, 
secure a busy man.’ This saying is truly born out in the case of 
our distinguished member, who has found time in addition to his 
personal business duties to serve as President of the American In- 
stitute of Metals, President of the American Society for Testing 
Materials, President of our own Association, for many years a 
member of the Board of Managers of the Franklin Institute and 
Chairman of the Committee on Science and the Arts. He is a 
Charter Member of the American Electrochemical Society of Metal- 
lurgical Engineers and a member of many other technical societies 
at home and broad. Notwithstanding his long years of activity, 
he is still continuing his contributions of time, money and energy 
for the advancement of the industry. 

“Dr. Clamer, it is indeed pleasing to your host of friends to 
learn of the degree of Doctor of Science recently conferred upon 
you by Ursinus College. I cannot adequately express what a 
sincere pleasure it is for me on behalf of the American Foundry- 
men’s Association to present you with the Joseph S. Seaman Gold 
Medal and Certificate, which you have so honorably and creditably 
earned. May your life be spared for many years to come and may 
this medal ever be to you a reminder of the esteem and affection in 
which you are held by your associates, to which we add: ‘Well 
done, good and faithful servant.’ ” 


Mr. Ballard then presented to Dr. Clamer the Joseph S. Seaman 
Gold Medal of the A.F.A. and the official Certificate of Award. Dr. 
Clamer responded as follows: 


“Mr. Vice-President, President-elect, Mr. Ballard and gentlemen, 
I am surely glad that this Seaman Award is this year not made 
posthumously. I say that because, as you may recall, on three 
previous occasions this Award has been so made, the ones chosen 
for the Award having passed into the Great Beyond during that 
interval from the time the choice was made until the day of the 
actual award. Now I am mighty glad one can be alive to hear 
such nice things said of one, and I assure you it is much better 
than to have such words said over one’s coffin. 

“T cannot accuse my good friend Bert Ballard of fiattery— 
he is too sincere for that. Nor can I accuse him of over-statement, 
because he is too honest for that. But I am reminded of a true 
story that was told to me by our old friend Jesse Jones, one of 
our medalists and a man who passed on to the Great Beyond 
before the medal was awarded. It was the story of a molder in 
the Westinghouse foundry. 
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“It appears that this molder had devised a very ingenious 
method of molding a particular pattern. There was a certain very 
prolific writer for one of our technical journals who was told about 
this accomplishment, and he went to the Westinghouse foundry 
to see this man and was given a few rough sketches and was told 
about the methed in a very few words. Notes were taken, and in a 
few weeks there appeared in the technical press many pages de- 
scribing the accomplishments of this molder. Jesse passed these 
pages on to the molder and he looked them over very carefully to 
see that it was really his own stuff and, after discovering that it 
was his own stuff, his only remark was: ‘Well, I’ll be darned!’ 

“Well, I feel very much that way just at the present time. I 
will call your attention to the fact that a man cannot work along 
one channel if he is at all diligent without accomplishing a great 
deal in the period of about 35 years. 

“I also call to your attention that it is not possible to accom- 
plish a great deal by one’s self. In the early days as a scrub 
chemist and with a small laboratory, I did the work by myself. I 
worked in the foundry with its technical problems. But after while 
I had an assistant, and a little later I had another assistant, and 
finally about all 1 had to do was to direct. Now I have often 
wondered whether I didn’t lose a whole lot by that change, by 
not actually being there and doing the work but directing others 
to do it instead. 

“The accomplishments which your Board of Awards has seen 
fit to recognize by the award of this wonderful medal, which was 
founded by our good old friend ‘Daddy’ Seaman, are not the result 
of my efforts alone but of my efforts plus those who have worked 
with me. I therefore accept this honor, Mr. President, not for 
myself alone but for those who have worked with me. I consider 
it a great honor to have this medal, and I highly appreciate that 
the Board of Awards should have considered the work of such an 
order of excellence as to have warranted this award. I therefore 
accept it, not for myself alone, but for myself and my associates, 
for whom I will act as custodian of this medal.” 


There being no further business, the meeting stood adjourned. 





THIRTY-SEVENTH ANNUAL MEETING 











2 roomenas: rene wisaentes cathe: 








Minutes of Board Meetings 


The following pages include information on the minutes of 
the following meetings of the Board of Directors and the Execu- 
tive Committee of the Board held during the calendar year, 1933: 

June 22—Final meeting of the 1932-33 Board of Directors, 
held during the Chicago Convention. 

June 22—First meeting of the 1933-34 Board of Directors, 
held during the Chicago Convention. 

August 22— Meeting of the Executive Committee, held in 
Chicago. , 

December 9—Second meeting of the 1933-34 Board of Di- 
rectors, held in Cleveland. 


Minutes of Annual Meeting 
1932-33 Board of Directors 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
STEVENS HOTEL, CHICAGO, JUNE 22, 1933 


Vice-President Frank J. Lanahan presiding, in absence of President T. 
S. Hammond. 

The following responded to roll call: Directors C. S. Anderson, 
Fred Erb, R. M. Maull, D. M. Avey, W: D. Moore, N. K. B. Patch, Fred 
L. Wolf, E. H. Ballard, H. Bornstein and Franklin G. Smith; Directors- 
elect R. F. Harrington, R. J. Teetor, Jas. L. Wick, Jr. and H. Ries; 
members of the Advisory Board, R. A. Bull, G. H. Clamer, Benj. D. 
Fuller, A. B. Root, Jr. and 8S. W. Utley. 

This meeting followed the annual Alumni Dinner, which was at- 
tended by the above named and the following: Past-Presidents L. W. 
Olson and 8. T. Johnston; past-Directors Verne E. Minich, T. W. Pang- 
born, H. S. Simpson, S. C. Vessy and Arnold Lenz. 

On motion by Mr. Wolf, seconded by Mr. Borstein and carried, the 
reading of minutes of the annual meeting of the 1932-33 Board of Di- 
rectors held at Detroit, May 5, 1932, was dispensed with. 

Executive Secretary C. E. Hoyt reported a special meeting of the 
Board of Directors which had been held the previous day, June 21, at 
which time it was voted to recommend to the annual meeting of the 
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Association that retiring President T. S. Hammond be elected to Hon- 
orary Membership. 

Before proceeding with the regular order of business, Executive 
Secretary Hoyt reported that it was the recommendation of the officers 
of the Association that only matters of routine be dispensed with at this 
meeting, and that an adjourned meeting be held at the call of the 
President some time after the end of the fiscal year, June 30, when the 
books were audited and the reports of officers for the past year were 
prepared and made available. He stated further that if this was agree- 
able, the reports of officers, the next order of business, would be brief. 
Brief reports were then made by the Executive Secretary, Treasurer, 
Technical Secretary and Manager of Exhibits. 


Local Affiliation 


The Executive Secretary reported a communication received from 
the Chicago Foundrymen’s Club requesting that the Board of Directors 
take under consideration the question of amending the By-Laws so as 
to make provision for local chapters of A.F.A. The Secretary also 
reported that during the Convention the Secretary of the Detroit Foun- 
drymen’s Association had verbally reported that the Executive Com- 
mittee of the Detroit Association had given the question of local chap- 
ters of A.F.A. consideration, and had instructed him to advise the 
officers of the A.F.A. of their interest in the development of some plan 
for creating local chapters. 

The Secretary stated that the question of local sections had been 
given consideration on numerous occasions, and that early this year 
and prior to the officials having been advised that any local associations 
were interested, there had been an exchange of correspondence on the 
subject of developing some plan for district activities of A.F.A. which 
might possibly lead to the forming of local sections. 

Upon motion by Mr. Wolf, seconded by Mr. Patch and carried, the 
matter of affiliation with local chapters, or the creating of some plan of 
district. representation, was referred to the incoming Board for con- 
sideration. 

The Secretary reported that at the annual meeting of the Associa- 
tion held the afternoon of this day, Frank J. Lanahan had been elected 
President and Dan M. Avey Vice-President, to serve terms of one year 
each; that George Batty, T. S. Hammond, R. F. Harrington, R. J. Teetor 
and Jas. L. Wick, Jr. had been elected Directors to serve terms of three 
years each; and that Dr. H. Ries had been elected to fill the vacancy on 
the Board caused by the election of Dan M. Avey as Vice-President— 
the above officers and directors to take office at the annual meeting of 
the Board of Directors following adjournment of this, the final meeting 
of the 1932-33 Board. It was moved and carried that the report of 
election of officers and directors be made a matter of record in the 
minutes of this meeting. 

On motion by Mr. Ballard, seconded by Mr. Wolf and carried, the 
meeting stood adjourned. 

Respectfully submitted, 
C. E. Hoyt, Harecutive Secretary 











ci aa AA i NE 

















ANNUAL BUSINESS MEETING 


Minutes of First Meeting 
1933-34 Board of Directors 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
STEVENS HOTEL, CHICAGO, JUNE 22, 1933 
President Frank J. Lanahan presiding. 

The following responded to roll call: President Frank J. Lanahan, 
Vice-President D. M. Avey; Directors W. D. Moore, N. K. B. Patch, 
H. Ries, Fred L. Wolf, E. H. Ballard, H. Bornstein, Franklin G. Smith, 
R. F. Harrington, R. J. Teetor and Jas. L. Wick, Jr.; Executive Secre- 
tary C. E. Hoyt and Technical Secretary R. E. Kennedy; and members 
of the Advisory Board, R. A. Bull, G. H. Clamer, Benj. D. Fuller, A. B. 
Root, Jr. and S. W. Utley. 

The Chair announced that the first order of business would be the 
organizing of the Board by the election of an Executive Secretary, 
Treasurer, Technical Secretary, Manager of Exhibits, Assistant Secre- 
tary and four Directors to serve as members of the Executive Com- 
mittee, and that he would appoint the following as-members of a Nom- 
inating Committee to retire and prepare nominations for the above- 
named offices: R. F. Harrington, Chairman; Franklin G. Smith, and 
N. K. B. Patch. 

Mr. Harrington, as chairman, submitted the following report: 

“Your committee appointed to nominate officers of the Asso- 


ciation and members of the Executive Committee, in accordance 
with the provisions of the By-Laws, submits the following report: 


(1) We recommend, as provided in the By-Laws, that 
the offices of Executive Secretary and Treasurer be com- 
bined and the Chairman so moves. 

(Motion seconded and carried.) 

(2) For Executive Secretary-Treasurer, we nominate 
C. E. Hoyt. 

(3) For Technical Secretary, we nominate R. E. 
Kennedy. 

(4) For Manager of Exhibits, we nominate C. E. Hoyt. 

(5) For  Assistant-Secretary-Treasurer, we nominate 
Miss Jennie Reininga. 

(6) For four members of the Executive Committee, to 
serve with the President, Vice-President and Executive Sec- 
retary, we nominate the following Directors: T. S. Ham- 
mond, H. Bornstein, Fred L. Wolf and Jas. L. Wick, Jr.” 

Mr. Harrington moved acceptance of the report, which was sec- 
onded by Mr. Smith and carried. 

It was moved by Mr. Bornstein, seconded by Mr. Harrington and 
carried, that President Lanahan, Vice-President Avey and Past-President 
Hammond serve as the Finance Committee for the ensuing year, with 
the past-president as Chairman. 

It was moved by Mr. Ballard and seconded by Mr. Bornstein that 
the usual resolutions for the withdrawal and disbursement of Associa- 
tion funds, required by the Harris Trust & Savings Bank, be approved 
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and certified to by the Executive Secretary and a Director not an of- 
ficer, as required by the resolutions. Motion carried. 

On motion duly seconded, bonds for the Treasurer and Assistant 
Treasurer were fixed at $5,000.00 each, premiums to be paid by the 
Association. 

It was moved by Mr. Avey, seconded by Mr. Wolf and carried, that 
salaries in effect for the year ending June 30, 1933, be continued until 
the next or adjourned meeting of the Board of Directors. 

It was moved, seconded and carried that the resolutions in effect 
during the past year, re defraying the expenses of members in attend- 
ance at committee meetings, be continued in effect until further action 
is taken by the Board. 

It was moved by Mr. Harrington, seconded by Mr. Bornstein, that 
the President be authorized to make all appointments for standing and 
special committees not provided for in the By-Laws or by special act of 
the Board. Motion carried. 

The Executive Secretary made a report on invitations for the 1934 
annual Convention, which would also be the occasion for an Interna- 
tional Foundry Congress, following which it was moved by Mr. Ballard 
and seconded by Mr. Wolf that a committee be appointed by the Pres- 
ident to consider the invitations and make their recommendations to 
the Board. Motion carried. 

It was moved by Mr. Wolf, seconded by Mr. Avey, that the matter 
referred to the new Board by the old Board, re local association chap- 
ters, be referred to a committee to be appointed by the President for 
consideration and recommendations to the Board. Motion carried. 

It was moved by Mr. Ballard, seconded by Mr. Bornstein and carried, 
that the meeting adjourn subject to call of the President. 

Respectfully submitted, 
Cc. E. Hoyt, Executive Secretary 


Minutes of Executive Committee Meeting 


1933-34 Board of Directors 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
Union Leacue Cius, CHicaco, AuGusT 22, 1933 


PRESIDENT F. J. LANAHAN presiding. 


Roll Call 
Meeting held at the Union League Club, Chicago, with the following 
present: Pres. Frank J. Lanahan, Vice-Pres. D. M. Avey, H. Bornstein, 
F. L. Wolf, J. L. Wick, Jr., and C. E. Hoyt, members of the Executive 
Committee; Technical Secretary R. E. Kennedy; Past Presidents R. A. 
Bull and S. T. Johnston. 
Secretary Hoyt in submitting an agenda for the meeting, reviewed 
briefly an exchange of correspondence between members of the committee 
and with Past President R. A. Bull on the subject of amendments to the 
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By-Laws re. classes of membership and making provision for local sec- 
tions and chapters. 
Advertising Policies 

The Secretary asked the privilege of making a reply to a letter from 
Mr. Bull under date of August 14, on the subject of advertising in A.F.A. 
publications, calling attention to the statement made by Mr. Bull that 
“From the standpoint of precedent, A.F.A. has followed a very unusual 
policy in respect to advertising.” Mr. Hoyt outlined the factors that had 
determined advertising policies and then moved that the President be 
authorized to appoint a committee of three to consider the whole question 
of advertising policy and submit a report for Board consideration and 
action. The motion was seconded by Mr. Bornstein and unanimously 
carried. 

Revision of By-Laws 

Articles and Sections of present By-Laws and proposed amendments 
and additions thereto were considered at length, and following separate 
action on each, it was moved, seconded and carried that the Executive 
Secretary be instructed to prepare copies of a revised draft of By-Laws 
as approved by the Executive Committee, and submit them to all Direc- 
tors prior to the next meeting of the Board. 


Principles of Practice 

Secretary Hoyt, calling attention to the draft of Principles of Practice 
adopted by the Board in 1924, recommended that a new draft be pre- 
pared, less negative in character, setting forth the purposes and scope of 
activities of the Association. 

Mr. Avey moved that the President be authorized to appoint a com- 
mittee to draft a new declaration of Principles of Practice so worded as 
to make the A.F.A. the recognized foundry organization for technical 
research for all branches of the metal castings industry, and as distinct 
from activities of trade association groups. The motion was seconded by 
Mr. Bornstein and carried. 


Membership Campaign 

Secretary Hoyt outlined the membership drive conducted in 1920 
under the direction of General Chairman, Past President Alfred E. 
Howell, resulting in a total of 455 new members for year ending Dec. 
31st, 1920. 

The Secretary also reported the membership campaign conducted in 
1925 under the chairmanship of Vice-Pres. A. B. Root, Jr., resulting in a 
total of 501 new members for that year. 

President Lanahan, expressing approval of periodical campaigns of 
this character, said he thought it would be unwise to inaugurate such a 
campaign at a time when business in the foundry industry was at such a 
low level, and when all foundrymen were concerned with or disturbed by 
the multiplicity of trade association activities in connection with the 
National Industrial Recovery Act. ° 

It was the consensus of opinion that the logical time for launching a 
membership campaign would be after amendments to the By-Laws had 
been approved and when the campaign could be coupled with the pub- 
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licity to be carried on in connection with the staging of the International 
Foundry Congress in the Fall of 1934. 





1934 Convention 

President Lanahan announced that at the Annual Board Meeting all 
invitations for the 1934 Convention had been referred to a committee to 
be named by the President, and that it was his desire that the Executive 
Committee as a whole serve as members of the committee on time and 
place of the next convention. Mr. Lanahan then called on Secretary Hoyt 
for a report on invitations received. 

Secretary Hoyt in submitting a report, stated that correspondence 
and conferences had narrowed the field down to two central points, 
Cleveland and Philadelphia. He then outlined the proposals and agree- 
ments which had been submitted for the use of the public auditoriums in 
these two cities and reported the co-operation pledged by the convention 
Bureaus in the respective cities. 

The Secretary stated further that there had been an exchange of 
official correspondence in regard to dates, and that it would appear to be 
the unanimous opinion that the most acceptable date would be after the 
middle of October, following the annual conventions for the year of 
European Foundry Associations co-operating in these international events. 

Following discussion it was unanimously voted to instruct the Ex- 
ecutive Secretary to submit to the Board of Directors for letter ballot 
the recommendation of the Executive Committee that the 1934 Convention, 
Exposition, and Intérnational Foundry Congress be held in Philadelphia 
during the month of October. 

Secretary Hoyt moved that the Executive Committee recommend to 
the Board of Directors that the 1935 Annual Convention of the Associa- 
tion be staged without an exhibit, and that announcement of this action 
be coupled with an announcement of the time and place of the 1934 
Convention and Exhibit. The motion was seconded and carried. 


Technical Secretary’s Report 

President Lanahan announced that the remaining time would be 
devoted to a discussion of the Technical Secretary’s report which had 
been submitted to all Directors and printed in full in Transactions for 
August. i 

Following discussion the meeting adjourned to convene again at the 
call of the President. 

Respectfully submitted, 
C. E. Hoyt, Executive Secretary. 
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Minutes of Adjourned Annual Board Meeting 
1933-34 Board of Directors 


AMERICAN FOUNDRYMEN’S ASSOCIATION 
CLEVELAND HoTet, CLEVELAND, OHI0, DECEMBER 9, 1933 


The meeting was called to order at 10:15 by President Lanahan. 


Roll Call 

Present, President Frank J. Lanahan, Vice-President D. M. Avey, 
Directors N. K. B. Patch, H. Ries, A. G. Storie, E. H. Ballard, H. Born- 
stein, Franklin G. Smith, R. F. Harrington, J. L. Wick, Jr., F. L. Wolf, 
Executive Secretary C. E. Hoyt, and Technical Secretary R. E. Kennedy. 

Following roll call the Secretary read communications from absent 
directors George Batty, S. B. Cuthbert, and R. J. Teeter, and reported on 
the absence of Directors W. D. Moore, T. S. Hammond, and David 
Evans. President Lanahan requested the Secretary to extend sympathy 
to directors absent on account of illness. 

The Executive Secretary read a summary of the minutes of the 
meeting of the Board held on June 22, and on motion, duly seconded, the 
minutes of that meeting were approved without further reading. 

The Executive Secretary read his report on Membership and Fi- 
nances. On motion the Secretary’s report was received and ordered filed. 


Membership 

President Lanahan, discussing the Secretary’s report on Membership 
Campaigns conducted in 1920 under the chairmanship of Vice-President 
Alfred E. Howell, and the campaign in 1925 under the chairmanship of 
Vice President A. B. Root, Jr., stated that he concurred in the Secretary’s 
recommendation that the Board organize a committee for membership 
campaign, but agreed with the Secretary and others that it would be 
wasted effort to conduct a campaign before there was improvement in 
business conditions. 

Directors Harrington, Ballard, Bornstein, and Avey offered sugges- 
tions for increasing membership and all were in agreement that the 
Association offered too many benefits and privileges to non-members, and 
voiced the opinion that limiting these to members would increase mem- 
bership. 

The Secretary called attention to membership letters recently issued 
by other technical associations, and emphasized the value of having these 
letters written and signed by members not of the official paid staff of the 
Association. 

Finances 

Supplementing the auditor’s report* for the fiscal year ending June 
30, 1933, showing an operating loss of $3,568.39, the Executive Secretary 
submitted a comparative statement showing receipts and disbursements 
for the first five months of the year beginning July 1, 1932, and the year 
beginning July 1, 1983, shuwing cash on hand December 1, 1932, of 
$4,261.93, and on December 1, 1933, $4,501.34. 





*A copy of the Auditor's Balance Sheet and Statement of Cash Receipts and 
Disbursements can be found on pages xxx to xxxii inclusive. 
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He also submitted an itemized statement of expenses for three years 
totaling as follows: 
Total Expenses 


Year ending December 31, 1930................ $96,226.28 
wear endeme June DU, 1962. 2... 0. icc ccwcccecse 51,043.39 
wene Cds Dane BY, TOES... Sec cewccccyec 38,315.32 


The Secretary called attention to the salary, clerical and stenographic 
item in the comparative statements, totaling $33,176.74 in 1930, $28,269.21 
in 1932, and $19,717.86 for the year ending June 30, 1933, stating that 
since July ist there had been further reductions, and that on December 
1st, the Association was operating on a salary budget basis of $16,280.00. 


Reserve Fund 
Reporting on the Reserve Fund, the Executive Secretary stated that 
during the year 1932-33 this fund had been reduced by the sale of $3,000 
U. S. 3%% Treasury Notes to offset the operating deficit of that year, 
and that there had been no interest defaults in the reserve fund securi- 
ties having a par value of $32,500.00. 


Award Fund 

On Award Fund investments the Executive Secretary reported that 
on July 1 there had been a default in interest payment on $5,000 City of 
Detroit 444% Sewer Bonds, and submitted a letter from the Trust De- 
partment of the Harris Trust & Savings Bank, Custodian of our Reserve 
and Award Fund securities, recommending that authorization be voted 
by the Board that the City of Detroit Bonds be turned over to the Bond- 
holders’ Refunding Committee, and that on receipt of this information he 
had conferred with other financial organizations and then made a report 
to the members of the Board of Awards who had approved, by letter bal- 
lot, of this procedure which would require a resolution of the Board. 

The following resolution was unanimously adopted: 

“REsoLveD: That the Executive Secretary-Treasurer, Charles E. Hoyt, 
be and he hereby is authorized and directed to deposit for this Asso- 
ciation, Five Thousand ($5,000) City of Detroit 44% Sewer Bonds 
due 1957, under and pursuant to the terms of the Deposit Agreement 
dated June 6, 1933, and to execute such assignment and letters of 
transmittal as may be necessary to accomplish such deposit.” 


Unfinished Business 

The Secretary reported that at the annual meeting of the Board held 
on June 22 it was voted that salaries in effect for the year ending June 
30, 1932 be continued until the next adjourned meeting of the Board. 
President Lanahan stated that the Finance Committee was not quite 
ready to make its recommendations for salaries and that this would be 
taken up later. 

Committee Traveling Expenses 

It was unanimously voted to keep in effect the following resolution 
adopted at the 1932 Annual Meeting. 

“RESOLVED: That the Treasurer be authorized to reimburse the 
traveling expenses of Directors and committee members for attend- 
ance at any regularly called Board or committee meetings, with the 
following exceptions: 
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“When meetings are held in conjunction with other committees 
or associations, the Treasurer is authorized to determine what por- 
tion of the expense of attending such meetings shall be paid by the 
Association. 

“No expenses shall be paid to Directors or committee members 
for attendance at meetings held during the week of the annual Con- 
vention of the Association unless specially authorized.” 


1934 Convention 


The Secretary reported that at the meeting of the Board on June 22, 
the question of time and place of the 1934 Convention was referred to a 
committee to be appointed by the President; that the President had named 
the members of the Executive Committee as this committee, and that at 
a meeting held in Chicago on August 22 it was unanimously voted to 
recommend to the Board of Directors that the 1934 Convention, Exposition 
and International Foundry Congress be held in Philadelphia during the 
month of October, and that the Executive Secretary be instructed to 
submit this recommendation to the Board of Directors for letter ballot. 

The Secretary reported that following satisfactory negotiations for 
lease on the Philadelphia Exhibition and Convention Halls and Com- 
mercial Museum, the recommendations of the Executive Committee were 
submitted to the Board of Directors on September 14th, who by letter 
ballot unanimously approved of holding a convention and exposition in 
Philadelphia, October 22 to 26, 1934. 

It was ordered that the letter ballot on convention date be made a 
matter of record, and that the President and Executive Secretary be 
authorized to sign rental agreement with the Board of Trustees of the 
Philadelphia Commercial Museum, Exhibition and Convention Halls. 


Amendments to By-Laws 


Secretary Hoyt stated that all directors had received report of the 
meeting of the Executive Committee held on August 22, recommending 
changes and additions to By-Laws, and that with the agenda would be 
found the latest draft of all proposed changes and additions together 
with copy of the present By-Laws. 

President Lanahan announced that approval of revisions to By-Laws 
would be the next order of business, and if there were no objections they 
would be taken up and passed upon article by article. 

When this had been done it was unanimously voted to instruct the 
Executive Secretary to have printed the complete by-laws as approved by 
the Board of Directors, and submit them to the entire membership for 
approval by letter ballot.* 


Principles of Practice 


Dan M. Avey, Chairman of the Committee to prepare a statement 
of Principles of Practice, which when adopted would take the place of 
Principles of Practice adopted by the Board in November, 1924, sub- 
mitted report for his committee. 





* The revised by-laws as approved by letter ballot vote of the members are to 
be found on pp. xxxiii to xxxix inclusive. 
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On motion, duly seconded, the report of the committee was unani- 
mously adopted, and ordered printed in TRANSACTIONS.** 


Report of Committee on International Relations 

Mr. Avey, Chairman, reported interview held that morning with Mr. 
George White of Thomas Cook and Son, at which time consideration had 
been given to offering a pre-convention tour for overseas delegates, that 
would include a visit to the World’s Fair in Chicago; that this question 
would be taken up with our European representative, Mr. Vincent Del- 
port. It was the thought of the committee that such a plan might very 
considerably increase the attendance of overseas foundrymen. 

On motion, the report of the Chairman of the committee was ac- 
cepted. 

Technical Secretary's Report 

The Technical Secretary’s report was mailed to all board members 
on July 15th. Secretary Kennedy very briefly reviewed some of the items 
in this report stating that a number of directors had made written com- 
ments and he requested further written comments and suggestions which 
would be helpful to him and his committees. 


Report on the Cast Metals Handbook 
Secretary Kennedy in submitting a report on the Cast Metals Hand- 
book said that the Steel, Malleable Iron, and Gray Iron sections were 
practically completed; that there was still considerably more work to 
do on the Nonferrous section, and that this work would be rushed with 
all possible speed. 
Advertising in Cast Metals Handbook 
Secretary Hoyt stated that the Committee on Advertising in the 
Cast Metals Handbook, of which he was chairman, did not have definite 
recommendations to make, but later in the evening other members of the 
committee, E. H. Ballard and H. Bornstein, discussed the subject with 
Board members and outiined a report to be submitted to the President 
and members of the Board. 


Report of Finance Committee on Salaries 

The Finance Committee consists of the President, the Vice-Presi- 
dent, and the immediate Past President who shall be chairman. In the 
absence of the chairman, Director T. S. Hammond, Vice-President Avey 
submitted the report which stated that in the absence of Past President 
Hammond, Past Presidents Ballard and Patch had conferred with the 
two members of the committee, and concurred in the report of the com- 
mittee, as follows: 

Salary, Executive Secretary-Treasurer $320.00 per month; no change. 

Salary, Technical Secretary $425.00 per month; recommend increase 
of $25.00 per month effective January 1, 1934. 

Salary, Manager of Exhibits $320.00 per month; no change. 

Salary, Assistant Secretary-Treasurer $184.00 per month; recommend 
an increase of $8.00 per month effective January 1, 1934. 


** These principles of practice are to be found on pp. xxxix and xl. 
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Mr. Bornstein moved the acceptance of the report of the Finance 
Committee, with the understanding that the Executive Committee, acting 
on the recommendation of the Finance Committee would have authority 
to make any adjustment in salaries and compensations of employes during 
the balance of the fiscal year ending June 30, 1934. 


Committee on Membership 
Acting on the recommendations made in the report of the Executive 
Secretary on Membership, it was moved, seconded, and carried, that the 
President be authorized to appoint a committee on Membership to con- 
duct a membership campaign to be inaugurated when in the opinion of 
the Executive Committee it seemed advisable to do so. 


Exhibit Committee 

It was moved, seconded and carried, that the President be given 
authorization for the appointment of an exhibit committee if it was 
found advisable. 

Convention and Exhibit Advertising 

Secretary Hoyt submitted a 1934 Calendar dummy, suggesting that a 
calendar might be used in place of the customary pocket calendar card. 
Authorization for publishing a calendar was voted. 


Election to Life Membership 


In recognition of long and honorable connection with the foundry 
industry, beginning in 1862, at the age of twelve, Mr. J.'B. Goostray of 
South Boston, Mass., was elected a Life Member of the Association. 


Vice-President Dan M. Avey was authorized to announce Mr. Goostray’s 
election at the meeting of the New England Foundrymen’s Association 
on December 13. 

On motion of Past President E. H. Ballard, seconded by Past Presi- 
dent N. K. B. Patch, the following Life Members were proposed for elec- 
tion to Honorary Membership at the next Annual Meeting of the As- 
sociation : 

John Howe Hall—Whiting Medalist, 1924. 

Enrique Touceda—Penton Medalist, 1924. 

E. V. Ronceray—Whiting Medalist, 1926. 

John Shaw—Penton Medalist, 1926. 

Harry A. Schwartz—Penton Medalist, 1930. 

Ralph S. MacPherran—Whiting Medalist, 1931. 

H. W. Gillett—McFadden Medalist, 1932. 


A.F.A. Award Donors’ Lectures 
At the evening session Secretary Hoyt submitted for consideration 
copy of letter to President Lanahan under date of October 18. In this 
letter it was pointed out that one of the conditions of the agreement 
between the donors of Award Funds and the Association, for the use of 
the income from these funds reads as follows: 


“To engage the services of such persons as may be selected by 
the Board of Awards, to expound technical subjects in which the 
Association is interested, at its Annual Convention.” 

Mention was then made of the Marburg Lecture of the A.S.T.M., the 
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Campbell Memorial Lecture of the A.S.S.T., and the Howe Memorial 
Lecture of the A.I.M.E., and others of this character sponsored by tech- 
nical and scientific societies, and the suggestion was made that the Board 
of Awards be asked to consider the question of providing an annual lec- 
ture which might be designated “The A.F.A. Award Donors Lecture.” 
Following discussion it was agreed to recommend to the Board of 
Awards their consideration of establishing a memorial lecture which 
would probably be delivered at the business meeting of the Association. 


Respectfully submitted, 


C. E. Hoyt, Executive Secretary. 


Auditor's Report 


July 18, 1933. 


General Thomas S. Hammond, President, 
«American Foundrymen’s Association, Inc., 
Chicago, Il. 


Dear Sir: 

I have examined the books of the American Foundrymen’s Association, 
Ine., for the year ending June 30, 1933, and now submit the following 
statements: 

Exhibit A—Balance Sheet, June 30, 1933. 

Exhibit B—Income and Expenses for the year. 

Exhibit C—Surplus, June 30, 1933. 

Schedule I—Award Funds, June 30, 1933. 

Schedule II—Reserve Fund, June 30, 1933. 

Schedule III—Cash Receipts and Disbursements for the year. 

The securities in the Reserve Fund as shown by the Balance Sheet 
are stated at cost and no adjustment has been made for shrinkage in 
their market value. 

Amounts receivable include $2,754.50 for dues of members for the 
past year and which are of doubtful value. 

Subject to these exceptions, it is my opinion that the Balance Sheet 
at June 30, 1933, shown in Exhibit A attached, correctly reflects the con- 
dition of the Association at that date and as shown by the books. 


Respectfully submitted, 


RosBert T. PrRiTcHARD, 
Certified Public Accountant. 


Nore: A copy of the Auditor’s Balance Sheet and Statement of Cash 
Receipts and Disbursements is shown in the following pages. 
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BALANCE SHEET AS AT JUNE 30, 1933 


ASSETS 


ASSOCIATION ASSETS 





Furniture and Fixtures, less Depreciation Reserve.......... $ 387.89 
Cash in Bank, Schedule IIT. ......ccccvccccscccccccccceces 1,317.04 
Accounts Receivable 
Dues Dc iGidiaer gan ated eetae Sas ockostclen 2,754.50 
Space Rentals and Permits. ..........cccesscccewccvces 1,299.50 
SES wtyad nis ne oe oa wh ha Ghd Sawa eede tenes pee Rea 311.86 
ND 1 SI oo 0.5 0a 5.5 5 boice Lab ON 0990060 ON ESR Oe emE ES 833.20 
Prepaid Expense on Account of Exhibits..............-.+4. 895.22 
Tickets—Century of ProgresS..........cccccccecccescssece 717.40 
4 eS 
8,516.61 
RESERVE FUND (Schedule II) 
q Investments (Market Value—$24,429.00) ...........0eeeeeee 26,749.85 
{ Cash in Bank on Savings Account............cccescscccees 333.86 
PHILADELPHIA RESEARCH FUND 
Cash in Bank on Savings Account.............seeeeeeeeees 1,103.21 
STEEL CASTINGS TEST FUND 
Cash in Bank on Savings Account. .......cccesceccsesceses 298.94 
in: -s ial a-ca.o.3 6 6 oars Sai oe ani ny eee $37,002.47 
LIABILITIES 
June 30, 1933 
ASSOCIATION LIABILITIES 
EE Shs 55) c.o-d-c1e-0S av ae eaine's $0 Ch wAweeed sue vdaey Tee ee $ 2,240.82 
ee NOR ious wisn bs weg asians vid aibe's ame em ke 350.75 
Exhibitor’s Permits, etc., Paid in Advance................. 200.00 
Unexpended Appropriations for Research 
EE shies. a pwn. dag e eels o.a/ar os Wd Uae seen es ce unet eee 486.07 
ee Ss TO as. incia dno hc 05s cy sc owe eeasae 1,350.00 
Phosphorus and Sulphur in Steel.................e00-- 100.00 
4,727.64 
ET HEE Whi vs 0s os credwias boku onvgus séemeaeil 3,788.97 
8,516.61 
RESERVE FUND (Schedule IT) 
WE (I SIs 5.2 Sie wie oe noon oi5G 5 8400 pe eee eeeeenes 27,083.71 
PHILADELPHIA RESEARCH FUND 
ey le I 55s oop ginin.s dines Sue eee ee eouae 1,103.21 
STEEL CASTINGS TEST FUND 
I INI io oid oo sine oo c's vines See b ned eusabnne 298.94 


6 Ewe eke edhnteddaseeetee 





Samah $37,002.47 


June 30, 1933 
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CASH RECEIPTS AND DISBURSEMENTS 
For the Year Ending June 30, 1933 


te SOON, MNT 2, UIDs 6a sede c ke ccoen hee rdnnsseccd cea $ 2,671.89 
RECEIPTS 
ED UD RIPON 6 6 oo oes ccidesan eninge se ese $21,002.25 
EE oo 07s Sc ains wee niane Sieie oo OF SEF 732.75 
Io S15, oe oie aud Gye aes & one SS 0 a bee a 7,550.00 
NY aie, 4, uisva's okies 9's Sisal tala d *. 2 Sere ease 8 975.00 
Award Funds—Balance Due................206- 15.00 
Appropriated from Reserve Fund 
EN Neha Giriars oad Sets coe drees es 0 sige ee 2,996.25 
EE 5 ES eee ee ree, eee ee 1,953.91 
Philadelphia Research Fund 
Dor Becount of TWandhook. ...... cccccceces 1,001.48 
ND rb ead Oo ene weer a Xwis la ony pales Overs ww S- Os SH 0% 18.13 
ED I SR aie csicisieain- cleo ep 36,244.77 
$38,916.66 
DISBURSEMENTS 
EE ee Ter er eer reer 
EE SE. oo cv. 5 bic Seite sane see ce-eea'es 963.77 
on , Ee Pee ee re en 1,001.48 
NEE, DONE TOME. 0.05 0 ov ccccb eric eecesesesys 5,846.48 
ee Prabal ae nlg @i60 6 eS Ac wat SMe eh 4 Soe we 933.00 
ae Sasi sodioe oo eine 6 os lve vice sre es oar bane Se 1,549.52 
NN air slp a hiacg.oin so 5-oc ate aqee-015 79 ore Gov sine tia 2,340.00 
pene GEG TORATADR. . o's .e sc cccccsececsccee 390.95 
NT, fides Cardia cirarg totes wikis one Abigle ¢'F 06. ocr Secs " 345.14 
NIE OR oo |, vg ah ka Srwtalig SS plone sly bide a8 4: 137.86 
eee ae ee ee eee 69.58 
UIE MIN vo 6 6 o's. 0 0 do sows eee vine a dnc see 326.76 
IE Seba g Grd dies sg se See o's dy eee d 6 see ews 22.51 
Dues—Gther AGSOciations. .. 6.00. cceccccceccveces 80.50 
EE Sivoig ove bs padre wert eeuleseeay 761.40 
ME Mae are oe ata a is ig. <6 10's o\'s'eey stmawe 6 gee ke ales 220.00 
I 0s. 0 aww ag oa eviews u.cwn sees 1,017.59 
5 irra d 16) 6 dh vn.e''g's wcgcare Cae AN © CRN 9.0 000 995.70 
I SUE aD Sucaiai a a:e's ovis Seen pale edee es Cemewee 18.95 
GAR os eer eee ree 44.10 
Century of Progress Tickets Purchased*— 
PCM os gsa otk x 'o'asa 04 Geving 6 é-¥ dad wae epi 717.40 
EY CI So Sas Fh.5 gcse Seewsds Cs eNleesiais 151.05 
s Total Disbursements............ 37,599.62 
See -Dy eee, SUS DO, BOGS. oc vice ccc ctcccces $ 1,317.04 


* Redeemed in full after July 1, 1933. 











By-Laws 
(Approved Feb. 8, 1984) 


ARTICLE I 

Section 1—This Association shall be known as the American Foundry- 
men’s Association, Incorporated. 

Section 2—The objects of this Association as outlined in its articles 
of incorporation are to promote the arts and sciences applicable to metal 
casting manufacture and to improve the methods of production and the 
quality of castings to the end that the increasing utility of all classes of 
castings may result advantageously to all persons engaged in the foundry 
and related industries and to all users of foundry products. 

The methods for accomplishing the above objectives shall be as deter- 
mined from time to time by the Board of Directors. 


ARTICLE II 
- Membership 

Section 1—The membership of this Association shall consist of General 
Firm Members, Limited Firm Members, Personal Members, Affiliate Mem- 
bers, and Associate Members, Honorary Life Members, and Life Members. 

Section 2—GENERAL Firm MemsBersHip—Any firm, organization, or 
proprietor interested in the objects of this Association shall be eligible for 
General Firm Membership. A General Firm Member shall be privileged to 
have one or more subsidiary plants or branches made General Firm Mem- 
bers, also to have one or more associated persons made Affiliate Members, 
as hereinafter provided. 

Section 3—LimiITeEp Firm MemsBersHip—Any firm, organization, or 
proprietor interested in the objects of this Association shall be eligible 
for Limited Firm Membership, with membership privileges exercised by 
a designated individual. The privileges of such membership shall not 
include for associated persons the right of election to Affiliate Member- 
ship. 

Section 4—PERsoNAL MEMBERSHIP—Any person interested in the ob- 
jects of this Association shall be eligible for Personal Membership. Such 
membership is non-transferable. No individual by virtue of Personal Mem- 
bership shall be considered as representing a firm or organization in this 
Association. 

Section 5—AFFILIATE MEMBERSHIP—Any person associated with a 
firm, organization, or proprietor holding General Firm Membership shall 
be eligible for Affiliate Membership when such person is regularly em- 
ployed where a General Firm Membership is held. 

Section 6—AssoctiaTE MEMBERSHIP—Any person interested in the ob- 
jects of this Association and engaged chiefly in educational or research 
work, not directly related commercially to casting manufacture, shall be 
eligible for Associate Membership. 

Section 7—ELEcTION To MEMBERSHIP—Application for membership 
shall be made in writing and election to any of the above classes of mem- 
bership shall be by a three-fourths vote of all Directors, taken by letter 
ballot. 

Section 8—Honorary LirtE MEMBERSHIP—Honorary Life Members shall 
be persons of acknowledged eminence or who have rendered exceptional 
service to this Association. Election to Honorary Life Membership shall 
be by a three-fourths vote of the members of the Association present 
at a regular meeting thereof, voting on a recommendation of the Directors 
that the Honorary Life Membership be conferred. . 

Section 9—Lire MEMBERSHIP—Life members shall be persons who have 
rendered long or special service to the foundry industry. Election to Life 
Membership shall be by a three-fourths vote of the Directors. 

Section 10—PRIvILEGES OF MEMBERSHIP—AIl members shall have the 
right to hold office and to attend all regular A.F.A. convention sessions, 
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and shall receive gratis the regularly issued Transactions of the Associa- 
tion published during each year in magazine or pamphlet form. 

Each member in any class shall be entitled to cast one vote on all 
questions submitted to the membership for letter or other ballot. Each 
firm or organization member shall designate one individual who shall 
exercise said privileges for such membership, and who shall be entitled 
to one vote. The designation of the person so accredited shall be in writing 
in such form as the Directors shall determine. It shall continue in force 
until such membership lapses or until authorization is cancelled by the 
firm or organization. 

Section 11—Resignations shall be submitted in writing to the Execu- 
tive Secretary. The resignation of a member whose dues are in arrears 
shall not be accepted. 

Section 12—The membership of any person, firm or organization may 
be suspended or terminated by a three-fourths vote of all the Directors. 
In such case remission of proper proportion of dues paid in advance shall 
be made. 

ARTICLE III 
Dues 

Section 1—Annual dues for members in the United States and Canada 

shall be as follows: 






GHOMIGERE Diem MOMS... - 6.6 scccccccscc cc ce sgeee 
Rimmed Pivm Members... ... 0... cccccccccccs 15.00 
EI osc 5. 4 orice ke o-¥ we ¥inwis se v6 oe 10.00 
lac oS og. 9's. oo iw Fae o wrpre ahem lars 6.00 
IN oe aay Gedisl edo ere ied & pana. 5.00 


The annual dues for General Firm Membership shall be $15.00 when 
such membership is held by a branch or subsidiary unit of an organization 
that holds General Firm Membership and pays therefor annual dues of 
$25.00. 

Section 2—Annual dues for any member regularly established or 
resident outside of the United States and Canada shall be $10.00. 

Section 8—Honorary Life Members and Life Members shall be ex- 
empt from payment of dues. 

Section 4—All dues shall be paid to the order of the Treasurer of the 
Association. The Board of Directors may fix the date on which all dues 
of members shall become payable and may pro rate or adjust dues of 
newly elected members. 

Section 5—Non-payment of Dues: Any member shall automatically 
cease to be a member of the Association, whose dues to the Association 
shall remain unpaid for a period of one calendar month after “final bill’ 
for the same shall have been mailed to the member or to its representa- 
tive, if the member be a firm or corporation. 

ARTICLE IV. 
Officers and Directors 

Section 1—The officers shall consist of a President and a Vice-Presi- 
dent, elected annually from and by the members; and an Executive Secre- 
tary, a Treasurer, a Technical Secretary, an Assistant Secretary, and a 
Manager of Exhibits, all of whom shall be elected annually, when prac- 
ticable, by the Board of Directors. Any offices, except those of President 
and Vice-President, in the discretion of the Board of Directors, may be 
combined. 

Section 2—The Board of Directors shall consist of the President, the 
Vice-President, and fifteen other Directors, elected by and from the mem- 
bers. 

Section 3—A President and a Vice-President shall be elected annually 
to serve for one year, or until their successors are elected and qualified. 

Five Directors shall be elected annually to serve for a term of three 
years, or until their successors are elected and qualified. 

Section 4—In the event of a vacancy occurring in the Board of Direc- 
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tors by death, resignation, promotion by election as President or Vice- 
President, or for any other reason than retirement at the end of three 
years’ service, the remaining members of the Board shall elect a successor 
to fill the vacancy and td serve for the unexpired term. A member of 
the Board whose term has not expired and who is elected President or 
Vice-President, shall be considered to have vacated the former office held 
by him, and the Board shall fill the vacancy as above provided. 

Section 5—In the event of a vacancy occurring in any office except 
that of President, the Board of Directors shall fill the vacancy for the 
unexpired term. 

ARTICLE V 
Meetings 

Section 1—There shall be an annual Convention of this Association, 
the date and location of which shall be fixed by the Board of Directors 
at least three months in advance. There shall be an annual business 
meeting of the Association during the annual Convention. Intermediate 
meetings of the Association may be held if authorized by a three-fourths 
vote of all the directors. Twenty-five members shall constitute a quorum 
of the Association. 

ARTICLE VI 
Duties of Officers 

Section 1—The duties of the President shall be to preside at the 
meetings of the Association and of the Board of Directors and to perform 
such other duties as usually devolve upon the chief executive officer. He 
shall be ex-officio, a amember of every committee except the nominating 
committee. 

Section 2—The Vice-President shall perform the duties of the President 
when the latter is absent or unable to perform the same, and he shall 
become President in case of a vacancy in that office. 

Section 3—The Executive Secretary shall be elected annually by the 
Board of Directors at the annual meeting of the Board, and shall hold 
office for one year, or until his successor is elected and qualified. 

He shall be, under the direction of the President and Board of Direc- 
tors, the Executive officer of the Association, the Board of Directors, and 
its Executive Committee, shall prepare the business therefor, and duly 
record the proceedings thereof. 

He shall see that all moneys due the Association are carefully col- 
lected. He shall personally certify the accuracy of all bills and vouchers 
on which money is to be paid. 

He shall present annually to the Board of Directors a balance sheet 
of his books as of the 30th of June, and shall furnish from time to time 
such other statements as may be required of him. 

He shall perform other duties which may from time to time be assigned 
to him by the Board of Directors. 

Section 4—The Treasurer shall receive all moneys and deposit same 
in the name of the Association. He shall invest all funds not needed for 
current disbursements, as shall be ordered by the Board of Directors. 
He shall pay all bills when certified to by the President and Executive 
Secretary. He shall make an annual report and such other reports as may 
be prescribed by the Board of Directors. The Treasurer shall give a bond, 
the amount of which shall be fixed by the Board of Directors, the pre- 
mium on said bond to be paid by the Association. 

Section 5—The duties of all officers or employees of the Association, 
not defined in these By-Laws, shall be as prescribed by the Board of 
Directors. 

Section 6—An annual audit of the books and accounts of the Execu- 
tive Secretary and of the Treasurer shall be made as of date of June 
30th, by certified public wecountants to be named by the President, and 
said audit shall be published to the membership. 

Section 7—The general control of this Association shall be vested in 
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the Board of Directors, who shall manage the affairs of the Association 
in conformity with the laws under which the Association is incorporated, 
and the provisions of these By-laws. 

Section 8—The Board of Directors shall have the power to determine 
the form and method of distribution of the publications of the Association. 


ARTICLE VII 


Salaries 
Section 1—The Board of Directors shall annually make provision for 
the salaries of officers, and compensations of all persons whose services 
to the Association justify such action. Information concerning all salaries 
and compensations paid shall be published to the membership. 


ARTICLE VIII 
: Nominations of Officers and Directors. 

Section 1—There shall be created annually a Nominating Committee 
consisting of the last three living past presidents of the Association and 
four other members, elected by the members of the Association at the 
annual meeting preceding the year of their service. 

Section 2—The names of the Nominating Committee shall be an- 
nounced to the members by letter or in one of the publications of the 
Association at least four months prior to the annual meeting of that year. 
If for any reason there shall be a vacancy or vacancies in the Nomi- 
nating Committee after election, said vacancy or vacancies shall be filled 
by the President. The senior past president shall be the chairman of the 
committee. 

Section 8—Duties of Nominating Committee: On any day at least 
fifteen full weeks prior to the annual business meeting, the Nominating 
Committee shall meet at a time and place designated by the Chairman 
and shall name one candidate for each office and for each directorship 
that shall become vacant at the close of the annual meeting of the Board 
of Directors held in accordance with the provisions of these By-laws. 

Section 4—Report of Nominating Committee: Immediately after the 
candidates are thus nominated, the Chairman shall report the names of the 
nominees to the Executive Secretary and said report shall be sent by the 
Executive Secretary to all members of the Association at least ninety days 
before the annual business meeting. 

Section 5—Additional Nominations: After the report of the Nomi- 
nating Committee has been published and at any time sixty days prior 
to the date of the annual business meeting additional nominations for 
any or all vacancies may be made by petition filed with the Executive 
Secretary and signed by 25 members in good standing. 


ARTICLE IX 
Elections 

Section 1—Should no other candidates for officers and directors be 
nominated in the manner provided in Article VIII, Section 5, nominations 
shall be closed and the secretary shall, at the annual business meeting, 
cast the unanimous ballot of all members for the election of the candidates 
named in the report of the Nominating Committee. 

Section 2—In the event of there being additional candidates nomi- 
nated for officers and directors in the manner provided in Article VIII, 
Section 5, then the election of officers and directors shall be by mail ballot 
of the members. 

Section 3—Judges of Election: In the case of election by mail ballot 
it shall be the duty of the President to appoint three judges of election 
who shall have sole charge of the election. The judges shall direct the 
Pxecutive Secretary to have printed and mailed to all members in good 
standing, ballots bearing the names of all candidates nominated in accord- 
ance with provisions of these By-laws. The judges shall name the place 
of balloting and the final dates for ballots being received. 
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Section 4—When polls are closed the judges shall examine all ballots 
cast and shall certify the result of the election to the President before the 
date set for the annual business meeting of the Association. 

The newly elected officers and directors shall assume office at the 
annual meeting of the Board of Directors following their election as pro- 
vided for in the order of business in Article XI. 


ARTICLE X 
Executive Committee 


Section 1—At the annual meeting of the Board of Directors the Board 
shall elect four of their members who, together with the President, Vice- 
President and Executive Secretary, shall constitute an Executive Com- 
mittee, with power to act for the Directors in the interim between meetings 
of the Board, in all matters which may thus be decided with propriety. 


ARTICLE XI 
Board Meetings 

Section 1—The annual meeting of the Board of Directors shall be held 
within ninety days of the date of adjournment of the Annual Business 
Meeting of the Association, at a time and place designated by the President. 

Section 2—The order of business at the annual meeting of the Board 
of Directors shall be as follows: 

Reading of Minutes. 

Reports of Officers. 

Unfinished Business. 

Recommendations to New Board of Directors. 
Adjournment of Old Board. 

Installation of New Officers and Directors. 
Organization of New Board. 

Election of Officers as Provided for in Article IV, Section z 
Election of Four Members of Executive Committee. 
Fixing of Salaries and Compensations. 

Appointment of Standing and Special Committees. 
New Business. 

Adjournment. 

Section $—Special meetings of the Board of Directors may be called 
at any time by the President, and shall be called by him on the written 
request of any three members of the said Board. Written notice shall 
be forwarded to each Director not less than five days prior to any meeting. 
Seven members of the Board shall constitute a quorum thereof. 


ARTICLE XII 
Advisory Board 
Section 1—All Past Presidents of this Association shall constitute an 
Advisory Board, and as members thereof shall have the right to be 
present and offer advice at all meetings of the Board of Directors. They 
shall be regularly notified of all Board meetings. 


ARTICLE XIII 
Board of Awards 

Section 1—The Board of Awards (as established in 1922) shall con- 
sist of the last seven living past presidents of the Association, which 
Board will be self perpetuating as each retiring president becomes a mem- 
mer taking the place of the senior past president on said Board. The 
junior past president shall be the chairman. 

Section 2—The Board of Awards shall control the disposition and 
investment of Award funds, together with the income therefrom, subject 
to the terms and conditions set forth in agreement with the donors of 
special award funds. 
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ARTICLE XIV 
Prizes 

Section 1—The Directors may from time to time under regulations 
which they may adopt offer medals or prizes for exceptionally meritorious 
investigations or developments which benefit the foundry industry. The 
cost of these medals or prizes may be defrayed from funds of the Associa- 
tion or from any funds which may be given to the Association for such 
purpose. 


ARTICLE XV 
Divisions 
Section 1—Groups representing the various branches of the casting 
industry, to be known as Divisions of the Association and organized from 
its members may be authorized by the Board of Directors, and any 
member of the Association may register for membership in any of the 
Divisions in which he is interested. A manual for the conduct of Divisions, 
approved by the Directors, shall govern the activities and procedure of 
all Divisions. 
ARTICLE XVI 
District Organizations 
Section 1—For the purpose of promoting the objects of the Association 
the Directors may establish Districts that can be satisfactorily served 
through occasional meetings of members residing therein, and through 
joint meetings with other technical or industrial organizations. 
The Directors shall determine the plan of district organization, define 
the territory of each district, and shall have the authority for making all 
arrangements for holding and financing district meetings. 


ARTICLE XVII 
Local Sections. 

Section 1—Local sections of the Association may be authorized by the 
Directors’ acceptance of the written request of a satisfactory number of 
members residing within a prescribed territory who desire to hold regular 
meetings for promoting the objects of the Association. Only one Local 
Section shall be authorized in any locality. Such Local Section shall be 
designated as the Section of the American Foundrymen’s 
Association, Inc. 

Section 2—The provisions of the By-laws of the Association and of a 
manual for conducting Local Sections, approved by the Directors, shall 
govern the procedure of all Local Sections. No action or obligation of a 
Local Section shall be considered an action or obligation of this Associa- 
tion. The Board of Directors shall have the right at any time to dissolve 
a Local Section for good and sufficient reasons, or to readjust its bound- 
aries after serving sixty days’ notice of its intention to do so. 

Section 3—All members of the Association residing within the pre- 
scribed territory of any Local Section shall be eligible for membership in 
such section. They shall not, however, be enrolled as members of the 
Local Section unless they have signified in writing their desire to be so 
enrolled. 

Section 4—For financing Local Sections the Board of Directors may 
contribute from its funds an annual stand-by charge for each Local Section 
that shall not exceed $50.00 each year, and may authorize an additional 
appropriation which shall not exceed each year 15 per cent of the annual 
dues received from registered resident members of said Local Section in 
said year. If the expenses of a Local Section exceed the appropriations 
made by the Board, the difference may be made up by voluntary contribu- 
tions or in other ways by the members of the Local Section as they may 
determine. The Association shall not be responsible for the debts of any 
Local Section. 
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ARTICLE XVIII. 


Seal and Emblem. 


Section 1—The emblem of the Association shail be of circular form 
with the initials and date of organization of the Association occupying the 
cardinal points and connected by double rings. Crossing said rings at 
right-angles, and joined in the center by a vertically placed trowel, a 
rammer, and a shovel shall be represented. 

Section 2—Pins or other articles bearing the emblem of the Association 
may, in the discretion of the Board of Directors, be issued or sold to 
members. 

Section 8—The seal of the Association shall be a reproduction of the 
emblem, with sufficient additional space on the circumference to show 
these words surrounding the emblem proper: ‘Seal of American Foundry- 
men’s Association, Inc.” 

ARTICLE XIX. 
Standards 

Section 1—No detail of foundry practice or design of foundry appli- 
ance shall be adopted as a standard of the Association or as recommended 
by it except subject to the approval of a three-fourths vote of the Directors. 
No appliance or item of equipment shall be adopted as a standard of the 
Association or recommended by the Association to the exclusion of similar 
equipment if it is manufactured or sold only by one firm or commercially 
restricted group of firms. 

ARTICLE XX. 
Amendments 

Section 1—These By-laws may be amended only by a majority of 
votes cast by letter ballots which shall be submitted by the Executive 
Secretary to all members in good standing. Said letter ballots must bear 
signatures of all those voting and they must be received at the Executive 
Secretary’s office within thirty days after being mailed therefrom to the 
members, in order to be included in the canvass of votes. Preliminary to 
the submission to the membership of said letter ballots, action by a two- 
thirds vote of the members present at a business meeting of the Association 
or action by a two-thirds vote of the Board of Directors at any meeting 
thereof shall take place, favoring any amendment to be submitted. The 
Executive Secretary shall mail letter ballots to all members in good stand- 
ing within thirty days after adjournment of the meeting authorizing their 
submission. 


ARTICLE XXI 
Rules of Order 
Section 1—Roberts’ Parliamentary Rules of Order shall be recognized 
as authority by this Association, and shall govern the deliberations in all 
cases not covered by these By-laws. 


Principles of Practices of the American Foundrymen's Association 
(Approved by Board of Directors, Dec. 9, 1933) 


The fundamental purposes of the American Foundrymen’s Associa- 
tion, as set forth at the birth of the organization in 1896 and restated 
under the objects listed in the charter of incorporation granted by the 
State of Illinois in 1916, fall short in defining the scope of recent activi- 
ties and the field of service demanded from the organization by modern 
conditions. 
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Accordingly, new principles of practice to reaffirm the responsibilities 
and to set forth the duties of the American Foundrymen’s Association are 
offered by the Board of Directors on behalf of the membership, as follows: 


The American Foundrymen’s Association is a voluntary organization 
of individuals and firms in the foundry and allied industries, joined to- 
gether to promote and improve the production and application of all cast 
metals and alloys. 

The improvement in production methods results from advancement in 
technical practices through the association’s efforts in providing stimulat- 
ing papers, discussions and instruction in the sciences, arts and crafts of 
eastings manufacture. The association encourages and sponsors active 
research to improve materials, processes and methods. It stimulates 
exchange of knowledge and centers attention on new developments 
through holding periodic meetings comprising technical sessions, round 
table conferences and shop instruction courses. Intimate acquaintance 
with new materials and equipment is offered through exhibitions, displays 
and demonstrations arranged concurrently with these conventions. It 
prints, publishes and distributes formal papers and resulting discussions 
relating to technical and association affairs. In all activities relating to 
advancement in various phases of the foundry industry the association 
acts without favor or prejudice as an impartial agency for the dissem- 
ination of information. 

To promote the wider use and service of castings, the American Foun- 
drymen’s Association extends its full facilities as an agent by and for 
the foundry industry. Co-operating with recognized and approved organ- 
izations, it always is diligent in advancing specifications in co-operation 
with producers and consumers of cast products and their component ma- 
terials. Its precise and far reaching knowledge of the engineering utility 
of cast products always is available to the engineering profession indi- 
vidually or through groups and associations. The encouragement of sym- 
posia on the four main branches of cast metals is a fine exampie of this 
responsibility fulfilled by the A.F.A. Further, the association is a fair 
and just champion of cast products as opposed to unwarranted commercial 
claims of competing commodities outside the foundry industry. 

As a further aid to the advancement of castings use, the American 
Foundrymen’s Association has co-operated in the past and will continue 
to co-operate with trade and business groups of foundrymen in all matters 
wherein their interests do not conflict with each other. The organization 
of two of the major trade associations of foundrymen through meetings 
called coincident with annual conventions of the American Foundrymen’s 
Association, the active participation in aiding these and other such or- 
ganizations in attaining their laudable aims for the benefit of their indi- 
vidual branches of the industry constitute examples of this phase of 
A.F.A. service. Under the new integration of all industry, the American 
Foundrymen’s Association faces new tasks in relation to its prime pur- 
pose as a technical organization. The association reaffirms its willingness 
and ability to foster and advance all matters relating to the science and 
practice of castings manufacture for each of the several branches of the 
industry. 




















The Action of Coal Dust 


as a Facing Material 
By Ben Hirp,* Newport, Mon., ENGLAND 


Abstract 


To obtain good results from coal dust additions to molding 
sands, right quality material is essential. For all classes of 
work, the coal should be of a highly volatile nature and of 
jine grain. The volatile material should not be less than 28 
per cent. Correct proportions of coal well mired with the 
sand will improve the skin of the casting and promote clean 
stripping by imposing a carbon film between the molten metal 
and the mold face. It will assist in preventing “sand scabs” 
and “drawing down” by releasing liquefied tars which bind 
the sand grains ‘ogether as the mold fills. It also produces a 
more refractory sand by coating the grains with a carbon 
deposit. Further, coal creates a green bond which is devel- 
oped by milling and which appears-to be due to rough carbon 
deposit on the sand grains and a tarry substance distilled from 
the coal. 


INTRODUCTION 


1. It is not the object of this paper to lay down any hard 
and fast laws relating to the action of coal dust on molding sands, 
but rather to put forward the author’s conclusions formed during 
a period of investigation into the subject of coal dust, carried out 
in an ordinary gray iron foundry without laboratory equipment. 
The object is to arouse interest in this worthy but rather neglected 
subject of coal dust additions to molding sands by describing some 
experiments along these lines. 


Quauities oF Coat Dust 


2. The coal used should be high in volatile matter because 
it is the dominant element; from its virtue the value of coal dust 
additions to sand is derived. Anthracite coal is useless as a fac- 
ing. Double the quantity of such low-volatile coal is required to 


* Foundry Manager, Cwmbran Works, Keen & Nettlefolds, Ltd. 


Note: This paper was presented and discussed before one of the sand ses- 
sions at the 1933 Convention of the American Foundrymen’s Association. 
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get even approximately the sand results as with the high-volatile 
material ; i.e., using 10 per cent of a 15-per cent volatile coal will 
not product as good results as using 5 per cent of a 30-per cent 
volatile coal. 

3. The fineness of coal dust is equally important. As a 
minimum requirement, it should all pass through a sieve with 40 
meshes to the linear inch. The finer it is, the better it will be dis- 
tributed among the sand grains, and the more easily will it be 
volatilized by the heat of the metal. Using fine coal, the skin of 
the casting will be smoother and freer from pockmarks caused by 
the swelling and coking of large specks of coal, especially in light 
castings, than if coarse coal is used. 


MIxINnG 


4. The mixing should be thorough for an even distribution 
of the coal dust in the sand. Theoretically, each grain of sand 
should have specks of coal dust adhering to it or near to it. 
Patches of undistributed coal will cause mapping and other 
troubles. 
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Fig. 1—Moitp DIAGRAM (MASKE AND PIWOWARSKY), SHOWING EFFECT oF 
CasTING HEAT IN RAISING TEMPERATURE OF ADJACENT SAND AT VARIOUS 
TIME INTERVALS AFTER COOLING. 
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ActTION OF Mouten Metrau on Coat Dust AND SAND IN MoLp 


5. Taking the test block shown in Fig. 1 as an example, the 
following action takes place when the mold is poured. Assuming 
the mold has been made of well-mixed sand, with the proper per- 
centage of good coal dust, instantly on the approach of the metal 
these specks of coal give off their velatiles in the form of gas or 
smoke. This is trapped between the rolling flow of the metal and 
the mold face, thus protecting it by a thin film of carbon. 

6. This action takes place rapidly on the bottom face. On 
the sides, the specks of coal volatize over a larger area in the front 
of the rising metal because of the greater radiation of heat, and 
the carbon from the escaping gases is deposited in the form of soot 
on the upper portions of the sides and top of the mold, there 
forming an extra protection to the sand. 

7. This sudden intense heat which gasifies the face coal, 
liquefies the volatiles in the coal immediately behind the face into 
the form of tar, which liquefying material, due to the influence of 
escaping gases, swells and spreads over the grains of sand, bonding 
them together. This concreting action adds considerable rein- 
forcement to the sand forming the face of the mold, which is 
further strengthened when the liquid tars are carbonized or 
coked by the penetration of higher temperatures. 

8. Thus, this action of the coal dust creates a ‘‘hot bond’’ 
over the face of the mold which resists ‘‘seabbing’’ and ‘‘drawing 
down.’’ Immediately behind these face grains, the sand and 
coal dust is as yet unchanged and provides escape for the gases 
that pour through it. To these gases the sand acts as a serubber 
or filter, condensing and collecting the tar and carbon, with which 
they become coated. This action continues out into the sand until 
the limit of heat penetration is reached. Reference to the heat 
penetration diagram, Fig. 1, made from results given by F. Maske 
and E. Piwowarsky, may assist in following these statements. 


9. Increased refractoriness is demonstrated by experiments, 
and it is fairly obvious that sand grains coated with carbon are 
more refractory than clear sand grains or those coated with clay 
bond. If sufficient coal dust is added to the sand after each cast 
to counteract the burning-off of this coating, a sand can be main- 
tained that will give a good skin to the castings and satisfactory 
stripping qualities. Furthermore, it will ‘‘create green bond,”’ 
especially if the sand is milled. 








Coat Dust as A Factne MATERIAL 


EXPERIMENTAL WoRK 


10. The author has carried out a number of experiments 
proving this statement regarding the creation of green bond, and 
also has put the results in practical application in the foundry, 
which has produced a considerable saving of new sand. He can- 
not give any definite theory.as to how this bond is created, but 
tentatively advances the following data. 

11. The sand grains become coated with a rough carbon 
deposit which, combined with a smail percentage of distilled tar 
from the coal dust, creates a bond, partly frictional (i.e., the 
gripping of the rough surfaces) and partly glutinous (7.e., tarry 
residue). In his opinion, this bond will provide the base for syn- 
thetic sand, which can be further strengthened if required by the 
addition of very small quantities of special bonding material. 

12. Table 1 gives the details of material and test apparatus 
used in our experimental work. 


Experiment 1—Natural Bonded New Molding Sand. 


13. In this first test, Stourbridge red sand was used with 10 
per cent coal dust. The mixture had 5 per cent moisture. Tests 


on both milled and hand-mixed sands were made. In the milled 


Table 1 
Coat Dust Bonp EXPERIMENTS 


I—Materials Used 
Molding Sand: Stourbridge red sand (as quarried). 
Sharp Sand: Briton Ferry dune sand. 
Burnt Sand: Old black sand from Stourbridge red. 
Carbon coating burnt off. 
Coal Dust: Volatile 30.6, Ash 10.4, Carbon by diff. 59 
per cent. Fineness, all through 90-mesh. 
II—Test Specimen 
Test Casting: Rectangular block 12x8x2% in., weigh- 
ing 64% lbs. Made in molding flask, 
pressed steel, no bar, 16x12x4 in. each 
part. 
Ili—Sand Testing Apparatus 
Richardson’s permeability. 
A.F.A. drop ram and spring balance compression. 2x 2 
in. test piece. ' 
Check results taken on A.F.A. permeability apparatus 
design and compression strength of Dietert design. 
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Table 2 


Errect OF CoAL ON StTourBRIDGE RED SaAND—HAND MIXED 
(10% Coat Dust AppED TO ORIGINAL MIx, 
No FURTHER ADDITIONS MADE) 


Original Sand: 
Coal Dust 
Richardson Permeability 
Richardson Strength 
PerCent —Tests Using Richard- 
Coal son Apparatus-—. —Mold Condition*, in.— 
Test Dust Permea- Silvery Black Condition of Casting. 
No. Added. bility Strength sat a ——_— 
1 Nil 23% 8 y 24% Casting good. Good blue skin. 
Nil 2% 8 Nil 2% Casting good. Gray blue skin. 
Nil 2% 7% Nil 1% Casting good. Rough gray skin. 
Nil 2% 7% Nil 14% Casting good. Rough gray skin. 
Nil 24% 6 Nil 1 Casting good. Rough grav skin. 
{Top face drawn down slightly. 


Nil 2% 5 Nil 1 \Very rough gray skin. 


*Condition of sand adjacent to casting. See Fig. 7. 


Table 3 


EFFECT OF COAL ON STOURBRIDGE RED SAND—MILLED 
(10% Coat Dust ADDED TO ORIGINAL MIx, 
No FurTHER ADDITIONS MADE) 


Per Cent —Tests Using Richard- ——Mold Condi- 
i son Apparatus— tion*, in.—-~ 
Test Treat- Dust Permea- Silvery Black Condition of Casting. 
No. ment. Added. bility. Strength “a” — 


Original After . 
Sand Ban ” 3% s 


Top face large blind scale. 
Mixed Nil 2% : Sides good. Bottom 
Milled Nil 3% 20 bad wave mark. Blue 

skin. 

Mixed Nil 3% , {Good casting. 

Milled Nil 3% \ Gray blue skin. 

Mixed Nil 3% ] , Good casting. 

Milled Nil 33% Gray skin. 

Mixed Nil 2% ‘ Good casting. 

Milled Nil 3% Gray blue skin. 
Mixed Nil 3% . Good casting. 
Milled Nil 3% Gray blue skin. 


{ Mixed Nil 3% 14% . , {Good casting 
| Milled Nil 3% 2244 Gray blue skin. 


*Condition of sand adjacent to casting. See Fig. 7. 
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sand series the mixture was milled 3 minutes before each casting 
was made. In the hand-mixed series the mixture was well turned 
and put through a 4-in. sieve twice. The tabulated results of this 
test are given in Tables 2 and 3, which show permeability and 
strength for the various series. 

14. The results of the hand-mixed series (Table 2) appear to 
be about normal. The addition of fine coal dust decreases perme- 
ability and increases strength slightly, which then decreases after 
each cast, while the permeability increases. 

15. In striking contrast, the milled series (Table 3) shows an 
increase in strength after each cast when re-milled. Reviewing 
this feature, it appears obvious that the sand is gaining bond from 
some source other than the clay bond or alumina of the red sand 
grains. Microscopic examination of the sand after the fourth cast 
showed all the grains covered with a black carbon deposit, which 
must obviously destroy the clay bond. Yet Test 5 (Table 2) gave 
a strength equal to the milled red sand. This suggested a bond 
created by coal dust, and four experiments were made with burned 
sand. 


Table 4 


Errect oF Coat Dust on Burnt SAND—HAND MIXED 
(10% Coat Dust ADDED TO ORIGINAL MIx, 
No FurTHER ADDITIONS MADE) 


PerCent —Tests Using Richard- 

Coal son Apparatus-— —Mold Condition*, in.— 
Test Dust Permea- Silvery Black Condition of Casting. 
Added. bility Strength “——" —_” 








} Nil Nil Nil 
Only J 

Mixture) (Top face all Pulled down. 
: Bottom swilled Badly. 

Before } 10 2% 4 i . 
Very bad casting. Ex- 

Use | 
tremely rough. 
[iu face slightly mapped. 
‘ Bottom badly mapped, 
4 % 

. nat 1% . ° 3 | swill from pitch of runner. 

| Rough gray skin. 

: ; Good casting. 
° 7 0 
3 Nil 1% 4 Nil 1 nes wae thin. 
a < . Good casting. 
t 

3 Nil 1% 4 Nil 1 fon eae chet. 
4 Nil 1% 4 Burnt clear 34 Good casting. Very rough 
\% gray skin. Sand burnt on. 


*Condition of sand adjacent to casting. See Fig. 7. 
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EFFECT OF Coat Dust ON SHARP SAND—MILLED 


Table 5 


(10% Coat Dust ADDED TO ORIGINAL MIx, 
214% CoaL Dust AppED AFTER EAacH Cast) 


Cent 
Coal 
Dust 


Added. 


24% 


Test Treat- 
No. ment. 
Original Before 10 
Sand Use 
Mixed 
Milled 


Mixed 
Milled 


Mixed 
Milled 
Mixed 
Milled 
{ Mixed 
\ Milled 
Mixed 
Milled 


ee 


244 


2% 


244 
214 
214 
24% 
244 
24 
244 


2% 


——Check Tests 
Per ——Tests Using Using A.F.A. 
Richar Apparatus———. —— Mold 
Apparatus—— Com- Condition’, in. 
Permea- Permea- pression Silvery Black 
bility. Strength. bility. Strength. “A”  “B” 
% 24% 85 1 
% 24 85 1) % 1% 
1 6b 52 22 f 
1 3% 65 1.5 : : 
1% 8% 270 2.2 } m= SS 
1% 7 53 We 
234 104 49 uf = & 
24 1244 45 3.1 ' 
2% 134 40 4.6 } ven : 
23% 12 30 3.8 , é 
244 15 34 44 } - % 
3 15% 32 4.8 ; 
2% 1614 27 6.0 } 7m” %4 


*Condition of sand adjacent to casting. See Fig. 7. 





Fig. 2 


SPECIMEN CASTINGS OF EXPERIMENT 3, 
Cent Coat Dust ADDED TO ORIGINAL MIXTURE. 





MADE IN SHARP SAND. 
See TaBie 5. 


2 very slightly 





Condition of 
Casting. 


Top face badly 
pulled down. 
Bottom slightly 
mapped. Rather 
rough blue skin 


pulled down at 
onecorner. Bot- 
tom good. Bet- 
ter skin. 


Good casting. 
Fair blue skin. 


btn casting. 


Fair blue skin. 


Good casting. 
\Fair blue skin. 


Fair blue skin. 


casting. 





10 PER 
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Table 6 


EFFECT oF CoaL Dust oN SHARP SAND—MILLED 
(15% Coat Dust ADDED TO ORIGINAL MIXTURE, 
5% AFTER EacH SUCCEEDING CAST) 


—Check Tests 
Per ——Tests Using Using A.F.A. 
Cent Richardson Apparatus———. —— Mold 
Coal Apparatus——. Com- Condition*, in. 
Test Treat- Dust Permea- Permea- pression Silvery Black Condition of 
No. ment. Added. bility. Strength. bility. trength. “‘A’’ “B” Casting. 


Original = 
a 15 % 6 75 1.5 


1 Milled 15 l4 65 


— 
~ 


Top and sides 
good. Bottom 
slight mapping. 
Mixed 
Milled 


oa 


1 Casting good. 
Bottom very 
\slight mapping. 


we 
we 
woo 


Mixed 
Milled 


{ Mixed 


10% Good. 


7% 
12 

1% 94 
2 15 
1% 12 

2% 1614 


Good. 


mo we 


Milled 


Mixed 
Milled 
{ Mixed 


Good. 


Good. 


On an aan an 
mr CR Bm fm 


orm om 


Milled 


*Condition of sand adjacent to casting. See Fig. 7. 


Fic. 3—SpeciMeEn CASTINGS OF TABLE 6. CASTINGS ARE SHOWN AS REMOVED 
FROM THE MOLDS AND CLEANED BY MEANS OF WIRE BRUSHING. 
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Experiment 2—Use of Burned Sand, Hand Mized. 


16. The same procedure was followed with hand-mixed 
burned sand, and the results are shown in Table 4. The improve- 
ment in the molding properties of the sand and each subsequent 
casting was very encouraging and better than the test results show. 
It was decided to make a series of tests using sharp sand with an 
addition of coal dust after each cast. 


Experiment 3—Sharp Sand Series. 


17. The material used was sharp sand plus 10 per cent coal 
dust with a 214 per cent addition after each cast. It was milled 


Table 7 


Errect or Coat Dust on SHARP SanpD—HAND MIXED 
(15% or Coat Dust ADDED TO ORIGINAL MIXTURE} 
DECREASING AMOUNTS ADDED AFTER EACH Successive Cast, 
RANGING FROM 5 TO 1%) 

——Tests Using 
——tTests Using A.F.A. 
Per Cent Richardson Apparatus———. —— Mold 
Coal Apparatus— — Com- Condition*, in.— 


Test Dust Permea- Perm 
No. Added. bility. Strength. bility. Strength. 


Original 
Sharp 0 % 3% 
Sand 


Original 
Mixture 


- pression Silvery Black 
“—_ “B" Condition of Casting. 


15 1 64 


near runner, slight 
swill. Bottom map- 
ped, slight swill from 
pitch of runner. 


6% 


: face good. Side 


Top face good. Sides 
good. Bottom map- 
ped, swill as 
above. 


| Top face good. Sides 

good. Bottom map- 
ped, swill. Not so 
good as 1 and 2. 
Top face good. Side 
near runner, slight 
swill. Bottom, slight 
swill under runner. 


good. Bottom good. 
Better casting. 

(Top face good. Sides 
% 5% 80 1% iit Bottom good. 


Top face good. Sides 
6% 


Skin rather rough. 
Sand burning on. 


*Condition of sand adjacent to casting. See Fig. 7. 





Coat Dust as A Factna MATERIAL 


Fig. 4—SpeciMEN CASTINGS OF TABLE 7. REMOVED FROM MOLDS AND WIRE- 
BRUSH CLEANED. 


for 3 minutes with 5 per cent moisture. Table 5 gives permeability 
and strength results of this series. These were very surprising, 
but conformed with the improvement in the molding properties of 
the sand, and resultant castings are shown in Fig. 2. 

18. Casting No. 1 of Fig: 2 shows the top face was badly 
pulled down. The bottom was good but very slightly mapped, 
while the skin was blue but rather rough. The top of casting No. 2 
was very slightly pulled down at one corner. There was a distinet 
improvement in the skin. Castings Nos. 3, 4, 5 and 6 were all 
good castings free from defects and having a fairly blue skin. 


Experiment 4—Sharp Sand, Milled and Hand Mized. 

19. Another series of tests was made with sharp sand, milled 
and hand mixed. In the milled series the sharp sand was mixed 
first with 15 per cent coal dust and 5 per cent coal dust was added 
after each cast. Great care was taken with this series to insure 
that no particle of other sand became mixed with the test sand. 
The time of milling was checked with a stop watch. Three minutes 
from starting the mill to opening the discharge doors was the stand- 
ard. It took about one-half minute to discharge the batch. 

20. The permeability and strength results are shown in Table 
6 and resemble very closely the results of the previous tests. The 
castings were better and are shown in Fig. 3. In casting No. 1 
there was no pulling down of the top face, and except for slight 
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Table 8 


EFFect oF CoaL Dust on Burnt SAND—HAND MIXED 
(15% Coat Dust AppED TO ORIGINAL MIXTURE, 
214% AFTER EacH SUCCEEDING CaAsT) 


. 


—tTests Using 
A.F.A 





—tTests Using A. 
Per Cent Richardson Apparatus——— —— Mold 
Coal Apparatus—-~ Com- Condition*, in. ~ 
Test Dust Permea- Permea- pression Silvery Black 
No. Added. bility. Strength. bility. Strength. “A” “BY Condition o Casting. 
Bef 
a 15 1% 1% 35 1.7 
(Top face good. Sides 
1“ . good. Bottom mapped. 
‘ . 64 ” 48 “s . Swill from pitch of 
runner. 
(Top face and sides 
F good. Bottom slightly 
1 L 3 
2 244 1 6% 40 1.3 % 1% mapped. Gray blue 
skin. 
F Casting good. Gray 
1 yy 
3 > ™ od te ° : eo Sand burning on. 
F ‘ Casting good. Gray 
1 ly 3 
‘ we 58 ™% + si ° % om Sand burning on. 
€ ‘ Casting good. Gray 
DA 3 1 1 
5 214 1% 814 37 2.2 0 1% a Sand burning on. 
: Casting good. Gray 
y 15 Ty 42 2.0 0 y . 
$ 2 % i % a Sand burning on. 


*Condition of sand adjacent to casting. See Fig. 7. 








5—SPECIMEN CASTINGS OF TABLE 8. CLEANED BY WIRE BruUSH ONLY. 
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Table 9 


Errect oF CoaL Dust oN Burnt SAND—MILLED 
(15% Coat Dust ADDED TO ORIGINAL MIXTURE, 
244% AFTER EacH SUCCEEDING CaSsT) 

——Tests Using 
——Tests Using A.F.A. 
Per Cent Richardson Apparatus —— Mold 
1 Apparatus——. Com- Condition* in.— 
Test Dust Permea- Permea- pression Silvery Black 
No. Added. bility. Strength. bility. Strength. ‘“‘A”’ “B” Condition of Casting. 


lt 15 1% 84 35 2.2 
(Top face slightly 
one ag Sides 
slightly mapped. 
| No swill. Good skin . 


{Top and sides good. 
Bottom slight map- 
ping. Good skin. 


1% 


f 


Casting ood. Good 
skin. 


Casting good. 
Good skin. 


{ 
95 — good. 


35 


20 


Good skin. 


Casting good. 


1 1% 3% 
24 2% 13/4 » Good skin. 


*Condition of sand adjacent to casting. See Fig. 7. 


Fie. 6—SPECIMEN CASTINGS OF TABLE 9. CLEANED BY WIRE BRUSH ONLY. 





18 
8 &t : 299 8 IT 
£0 sv0 06°0 9L'T ; 5L'0 a0 . ; T8°0 


“‘Pealcooy “98nd “gsnqd : ysnq “g8nqd “Butt “SUNT % , “snd 
8V [80 T8909 l [soy IV [80D 
%AO+ %AO+ LAt+ yng %St+ 
9 ‘ON 2 °ON 9 "ON [80 : TON 
s10 oT %$+ 
9 “ON 
——dNVS dau ren Pell welieewanes .~i: divs  ceeremes CP oo at ype Nae PextW pueH 
adaludqunoLts~ ~————————SaIuas ANVS LINUNd ee _ -SdIUas GNVS divHs——————_——_ 








LSa], SSANANI 
OL 919®L 





Coat Dust as A Factnec MATERIAL 


_ 
~ 








SRE AROR Dr 
WS 


[RNS SSSSSSS 


























TLLLID 











Fig. 7—DIAGRAM OF SPECIMEN MOLD AND CASTING, SHOWING MOLD ConpI- 

TION. Errect or Heat PENETRATION ON COAL FacinG Is INDICATED BY THE 

REGION A WHERE THE SAND HAs A SILVERY APPEARANCE. AMOUNT OF SILVERY 
Sanp Is SHowN IN VARIOUS TABLES UNDER MOLD CONDITION. 


mapping on the bottom face due to excess of coal dust, the casting 
was quite good. Nos. 2, 3 and 4 were all good castings, mapping 
decreasing as coal dust burned out, with only a trace in No. 4. 
Nos. 5 and 6 were perfect castings with a good blue skin. 

21. In the hand-mixed material of this series, a gradual re- 
duction was made in the amount of coal dust added after each 
east. The results are given in Table 7 and the castings are shown 
in Fig. 4. The most noticeable features are a gradual decline in 
the color and smoothness of the casting skin, and a falling off of 
the ‘‘bond strength’’ in the tests. Again the molding properties 
of the sand were better than the test results indicate, as instanced 
by ‘‘eondition of casting.’’ 


Experiment 5—Burned Sand, Milled and Hand Mized. 

22. <A further series of tests was made with burned sand, 
with results as shown in Tables 8 and 9. These included both 
milled and hand-mixed sands. With the milled sands there was a 
gradual increase in test strength (Table 9), although not so pro- 
nounced as with sharp sand. The castings were quite good (Fig. 
6), with the exception of slight mapping caused by excess of coal 
dust. 

23. The tests results of the hand-mixed sands were slightly 
better (Table 8 and Fig. 5) than the sharp sand, hand mixed, due 
probably to the addition of consistent amounts of coal dust, al- 
though the condition of the castings show there was not sufficient 
coal dust to maintain a good skin without milling. Judging from 
results, milling appears to assist the coal dust to function. 
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Fie. 8—AcTUAL SECTION OF MOLD AFTER CASTING WAS REMOVED. THIS 
MoLp WAS ONE OF SERIES OF TABLE 7. LIGHT SECTION NEXT TO THE CAST- 
ING CavITY SHOWS THE SILVERY PORTION OF SAND A OF FG. 7. 


EFFECTS OF FINENESS OF GRAIN 


24. Another point of comparison between the burned sand 
and the sharp sand tests is shown in the sieve test results of Table 
10. The fineness of the sand grains and fines from the coke dust 
were held as a possible explanation of the increase of bond due to 
coal dust additions, but these results do not uphold this theory. 
The coarser sharp sand gives the highest bond strength when 
milled. 

INFLUENCE OF HEAT 


25. Fig. 7 is a diagram showing the influence of the heat 
from the casting on the coal dust and sand, while Fig. 8 is a 
photograph of section through a mold after the casting has been 
removed. The depth of silvery coking and the tarry bonded black 
varies with the amount of unchanged coal dust in the sand. These 
variations are given in the test result tables under the column 
headed ‘‘Mold Condition.’’ 

26. The silvery portion ‘‘A’’ is more pronounced in the hand- 
mixed sands than the milled, and in the sharp sand as compared 
with the Stourbridge red. It is remarkable that this Stourbridge 
sand milled showed no sign of silvery coking in Test No. 1, pos- 
sibly due to the amalgamation of the fine coal with the clay bond. 

27. It is interesting to compare this diagram with the tem- 
perature diagram of Fig. 1. This is made up from results obtained 
by F. Maske and E. Piwowarsky.' The size of their test casting 
was 101% in. diameter and 114 in. thick. Therefore, it is probable 


1F. Maske and E. Piwowarsky, “The Gas Permeability of Molding Sand.” 
Foundry Trade Journal, March 28, 1929. 
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Fig. 9-——DIAGRAM OF RICHARDSON PERMEABILITY TEST APPARATUS. 


& 


that the true heat penetration on this diagram would be slightly 
deeper than the figures show. If full size reproductions of these 
two diagrams are made on tracing paper and then laid one on the 
other with the lines of the casting coinciding, an interesting chart 
is obtained. This was the object in making the diagram to the size 
of the rectangular test block. 






PERMEABILITY APPARATUS 





28. In our tests we used Richardson’s permeability apparatus 
(Fig. 9). This consists of two containers, the top acting as a 
reservoir and the bottom as a compression chamber for the air 
which is forced through the sample. The top container can be 
fitted with a ball-cock or gage glass. A water pipe is taken from 
the base of this container through a stop cock into the base of the 
bottom container, which is fitted with a drain cock and gage glass. 
Fixed to the top of this tank is a threaded ring into which the 
cylinder containing the test piece can be screwed. Two pipes, one 
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leading into the top of the tank and the other to the water gage, 
are taken from the bottom of the threaded ring, which has a solid 
bottom. The sand sample rammed in the cylinder acts as a cork; 
thus the closer (or less permeable) the sand, the higher the pres- 
sure in the tank, which is recorded on a water gage measured off 
in inches. The 14-in. orifice was used in our tests. 

29. The 2x2 in. test piece was given three blows on a stand- 
ard A.F.A. drop ram machine and the strength taken on a spring 
balance scale, the pressure being applied with a screw and the re- 
sults given in pounds as recorded on the standard scale. 


DISCUSSION 


JoHN GRENNAN:* In presenting this paper for the author, whom 
we regret could not be present, I wish to say that this paper deals with 
sea coal from two angles. The first idea of sea coal is that it aids in 
causing the sand to peel from the casting. This is the most common 
thought as to the use of this material. 

The author first deals with this aspect, showing that the sea coal is 
effective when it contains high-volatile matter, as the volatile matter is 
the active agent. The heat drives off the volatile matter in the form of 
a smoke or gas. It acts as an envelope, or a protective parting, be- 
tween the metal itself and the sand grains. The smoke also is deposited 
as a soot on the surface of the mold as it advances ahead of the filling 
of the mold by the metal. 

The author’s second point,. with which the bulk of the paper deals, 
is the bonding property of the sea coal. The bonding property of sea coal 
depends on two factors, (a) the coking of the coal on the sand grains, 
which coking gives a frictional effect as far as bond is concerned, and 
(b) the distillation of tars which are deposited on the sand grains. 

The author deals with three types of sand. He mixed varying amounts 
of sea coal with an ordinary molding sand, similar to what we would 
call a No. 3 in the United States. He next took a sharp, or sand-dune 
sand, similar to Michigan City sand, with which he mixed varying 
amounts of sea coal. He finally used a molding sand that had been 
burned and mixed different amounts of sea coal with it. 


(Mr. Grennan then discussed the tables of the paper.) 


* University of Michigan, Ann Arbor, Mich. 


18 Coat Dust as A Factne MATERIAL 


CHAIRMAN R. F. HargrRineton:* We appreciate Mr. Grennan’s effort 
in abstracting this paper. Mr. Hird is one of our ablest investigators 
on this subject of sea coal, and I am sure we all agree that it is a vital 
subject in every foundry and one concerning which we can probably look 
forward to a good deal of conflict in ideas. 

MEMBER: Was the 15 per cent of the sea coal mentioned, the per- 
centage by volume or by weight? 

JOHN GRENNAN: There is nothing in this paper that would indicate 
whether it is by volume or by weight. I do not think there is much dif- 
ference between the volume and the weight, if one measures them. Car- 
bon has a specific gravity of about 2, and the sand is higher than that; 
thus, there would be some difference. 

Paut BECHTNER:+ I would say that a scoopful of sea coal weighs 
much less than a half scoopful of sand, so there would be a much greater 
difference if it was volume rather than weight. 

Did Mr. Hird mention the effect of a reducing atmosphere created 
by sea coal? 

JOHN GRENNAN: The author does not go into that question, but 
making a guess on my own initiative, I believe that the atmosphere in a 
mold is a reducing atmosphere. If it was an oxidizing atmosphere, the 
soots and gases would be burned up. 

Paut BecHTtNER: That is so, but a few years ago Mr. Goodale pub- 
lished a paper? in which he showed that an oxidizing atmosphere on the 
surface led to the formation of silicates that were highly fusible, whereas 
the reducing atmosphere did not do that. Drawing an analogy from 
ceramics, we have seen sewer-pipe plants where they maintain in a kiln 
what they call a water-smoking period during which the coal is kept damp 
and a heavy smoke is carried through the kiln. The reason for that is 
that there are particles of iron in the clay which, unless they are reduced 
and made to flow, will make black spots on the surface of the sewer pipe, 
resulting in a defect, and the reducing atmosphere overcomes that. 

It has been a theory of mine, without any real scientific basis, that a 
large part of the advantage of the sea coal was due to the reducing atmos- 
phere that it created, or the additional reducing atmosphere—if there is 
some originally, and there probably is—making the iron more fluid. 

H. W. Dierert:** The table shown begins, I believe, with 15 per cent 
sea coal, and the sea coal was reduced or burned out. The casting as 
shown had “grapevines,” indicating that this 15 per cent of sea coal was 
entirely too high. I am inclined to believe that is the reason why the 
strength was low at the beginning. I have never seen any American sea 
coal that increases the green-sand strength. 

JOHN GRENNAN: The author makes the statement quite definitely 
in his paper that hand mixing does not bring out the influence of the sea 
coal, whereas mixing with a muller, or a pan mix, brings out the bonding 
property of the sea coal. 


* Hunt-Spiller Mfg. Corp., Boston. 

+ American Colloid Co., Chicago. 

2 Goodale, P. L., Notes on the Behavior of Sand Molds in Steel Foundries. 
TRANSACTIONS A.F.A. (1930), v. 38, pp. 471-478. 

**U. S. Radiator Corp., Detroit. 
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Indirectly, I checked up the volatile in the sea coal such as we use 
in the United States. Wisconsin County Coke will run about 35 or 30 
per cent volatile, and that kind of a coal in a coke oven at 500 Jlegrees 
distilis off something like 9% per cent tar. At 1000 degrees, the tar 
drops to about 5 per cent but the density of the tar increases, so that it 
is a more viscuous material. It is common practice in the United States 
to use the tar products in the form of pitch binders in cores. Conse- 
quently, I believe the author has considerable backing for his assertion 
that there is bonding property in the volatile of the sea coal. 





Martensitic Quenching of Cast Iron’ 


With Special Reference to Low-Carbon Irons 
With High Manganese Contents 


By Georces R. DeLBArT,t D.Sc., DENAIN, FRANCE 


Abstract 


Investigations have been made, following the work of 
Guillet, Galibourg and Ballay, on the martensitic quenching of 
alloy cast irons. A number of experiments were made par- 
ticularly with a view to studying the suitability for quenching 
of irons having a low content of total carbon and a high 
manganese content. It was found that manganese, as soon as 
it exceeds 2 per cent, definitely favors the martensitic quench- 
ing to such an extent that medium-size pieces with a thickness 
attaining 1.06 in. (27 mm.) could take a martensitic structure 
simply by cooling in still air. On the other hand, the low 
carbon content has improved the mechanical properties and 
has considerably reduced the danger of microscopic cracks or 
fissures due to rapid cooling, and this notwithstanding the 
presence of a high manganese content. These proportions of 
low total carbon and high manganese have contributed to the 
increased stability of irons subjected to heat, a property to be 
looked for in irons to be subjected to heat treating. Very low 
contents in total carbon should be avoided in current practice, 
owing to the decrease of the castability, to the rapidity with 
which the metal passes from the liquid to the pasty state, and 
to its tendency to piping. A content of about 2.50 per cent can 
be adopted when melting iron in the cupola; in the electric 
furnace, which enables the iron to be superheated, interesting 
mechanical properties should be obtained with higher carbon, 
which can be around 2.80 per cent. Finally, if the investiga- 
tions of Guillet, Galibourg and Ballay are considered, interest- 
ing combinations are possible that can be used in practice in 
preparation of nickel-managanese irons with low total carbon 
and high manganese content. Similarly, one could expect to see 
the nickel neutralize the action of the manganese, which in any 
case is slight, on the primary quenching (hardening), while 
their effect on the reaction to martensitic quenching would be 





*Exchange paper of the French Foundry Technical Association, 1933. 
yAteliers des Anciens Establissements Cail. 


Note: This paper was presented before one of the gray iron sessions at 
the 1933 Convention of American Foundrymen’s Association. 


20 














Greorces R. DELBART 


added to each other, resulting in irons having a particular 
tendency for quenching. Furthermore, the low carbon con- 
tents, or else superheating, would tend to decrease the danger 
of microscopic cracks or fissures, a danger which the author 
has not encountered during investigations on pieces having a 
simple shape, the results of the mechanical tests not having 
indicated any depreciation in the qualities of the iron, but 
rather the reverse. 


1. Modern requirements often call for the use of hard gray 
irons with considerable resistance to friction and abrasion. On 
the other hand, manufacturers require that such irons should be 
machinable, a qualification which often eliminates the use of irons 
containing a large percentage of cementite, such irons being hard 
and at the same time brittle and very difficult to machine. 

2. Primary hardening, which consists of casting in chilled 
molds in order to accelerate the cooling rate at the time of solidi- 
fication, and which permits of obtaining castings which present 
on the outside surface a more or less thick layer of white iron, can 
be applied only in very restricted fields, as in the manufacture of 
rolls for plate and sheet mills. It therefore appears practical to 
apply to machinable gray irons the secondary or martensitic 
quenching, such as is currently practiced in order to improve the 
mechanical properties of steel. However, in this case the prob- 
lem is complicated by the presence of graphite and by the phe- 
nomenon of graphitization, which is liable to appear during the 
heating period necessary to bring the iron to its quenching tem- 
perature. 

3. Portevin, in his study on the heat treating of cast-iron 
shells, showed, in 1922, that the rapid cooling of so-called semi- 
steel often caused porosities to appear, due to microscopic cracks. 
It therefore is dangerous to quench, by rapid cooling, ordinary 
irons which have high eritical rates of quenching. Consequently, 
it is of interest to add certain special elements which tend to re- 
duce the critical rate of quenching to that which corresponds to 
the cooling in still air of the castings to be treated. 

4. It is known, on the other hand, that most ordinary cast 
irons give rise during heating to graphitization, which is accom- 
panied by a permanent expansion and by the formation of internal 
stresses. 

5. This graphitization occasionally begins at low temperatures 
—about 932 degs. Fahr. (500 degs. Cent.)—and in certain condi- 
tions it is sufficiently rapid for the graphitization of the pearlite to 
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be completed in a few hours. This results in a decrease in the 
reaction to quenching, a lowering of the mechanical properties, 
and the appearance of internal stresses that are unfavorable to 
heat treatment. These internal stresses are greater as graphitiza- 
tion takes place at lower temperatures. 

6. Briefly, an ideal cast iron for martensitic quenching 
should answer to the following conditions: (1) The graphite con- 
tent should be as low as possible; (2) the graphite should be fine 
in texture and rounded in shape; (3) the chemical composition 
of the iron should be such that the iron is stable, and the tempera- 
ture of graphitization should be higher than the temperature of 
transformation; (4) the critical rate of quenching should be as 
low as possible. 

7. The first attempts to produce irons answering to the 
fourth condition (which is the most important) were made, to the 
author’s knowledge, by Guillet, Galibourg and Ballay, and were 
given in the Comptes-rendus de l’Academie des Sciences in 1928, 
and in the Revue de Metallurgie, November, 1931. Subsequently, 
in collaboration with Edgar Lecoeuvre, we have produced in the 
cupola a certain number of irons with low carbon content which 
have shown themselves to be particularly suited to martensitic 
quenching. 

8. Before reviewing the results obtained, we wish to review 
certain characteristics of the principal elements which are liable 
to enter into the chemical composition of irons suitable for mar- 
tensitie quenching. 






























Silicon 












9. Silicon favors graphitization, increases the critical trans- 
formation range, increases the critical rate of quenching, and de- 
creases the capacity for martensitic quenching. 







Manganese 





Influence on Graphitization. 

10. Manganese decreases the tendency to graphitization and 
raises the critical temperature under which graphitization takes 
place. Table 1 gives examples from the author’s personal investi- 
gations on irons having a low carbon content. 

11. In Table 1 the values given for expansion correspond to 
the expansion obtained after two cycles of heating at 1652 and 
1832 degs. Fahr. (900 and 1000 degs. Cent.) The heating rate was 
32.4 degs. Fahr. (18 degs. Cent.) per minute, and the rate of cool- 
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Table 1 
Critical 
Temperatures, 

TC* Si Mn degs. Fahr. Expansion Remarks 
2.1 3.3 2.14 1382 2.2x 1078 High Si content. 
2.08 2.95 0.45 1247 5.2x 107% High Si content. 
2.0 2.26 1.54 1382 1.1.x 107% Medium Si content. 
2.14 2.16 0.48 1310 3.7x 107% Medium Si content. 
2.5 3.2 2.12 1400 2.2x 107% High Si content. 
2.42 3.02 0.49 1238 8.5x 107° High Si content. 
2.4 2.5 1.43 1409 1.1x 107% Medium Si content. 
2.5 2.4 0.55 1328 4.5x 107? Medium Si content. 


*The first 4 irons were made to contain 2 per cent Total Carbon; the second 4 irons, 2.5 per cent 
Total Carbon. 





Table 2 

Tc ns mim. bt i be 

i Mn eginning, n inning, nd, 

OF. oF. Beg OF. Remarks 

2.00 2.95 0.47 1490 1562 1310 1130 
1.97 2.83 2.04 1427 1472 266 All specimens were cooled in 
2.21 2.86 4.0 1382 1454 248 still air. The first 4 speci- 
2.24 2.89 4.7 1382 1454 248 SA. mens were considered high 
2.2 2.28 0.70 1472 1526 1274 1094 Si; the last 2, medium Si. 
2.0 2.26 1.54 1463 1499 1184 1004 


ing was 47 degs. Fahr. (26 degs. Cent.) per minute. All the irons 
on which investigations were made were prepared under identical 
conditions, and the test pieces used for dilatometrie investigations 
were taken from blocks of the same thickness. Therefore, the 
thermal history of the test pieces should not have to be taken into 
consideration to explain the differences found in the results. 


Influence on Capacity for Quenching. 

12. Table 2 concerns cast irons with 2 per cent total carbon 
and varying contents of manganese, and the examples given are 
suggestive. 

13. From these results it can be concluded that manganese 
lowers the transformation points during the heating cycle, particu- 
larly when the manganese contained reaches 2 per cent; but the 
lowering of the transformation point during the cooling cycle is 
already well marked for 1.5 per cent manganese. However, the 
lowering of the points during the cooling cycle is still more marked 
when the content of manganese reaches 2 per cent, at which point 
the test pieces are susceptible to martensitic quenching by simply 
cooling in still air. 

14. Guillet, Galibourg and Ballay have shown that, with a 
content of 1 per cent manganese and 1 to 2 per cent nickel, a 
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marked action on the effect of quenching is noticeable, because the 
influence of manganese and nickel is in the same direction and 
their respective influences are added to each other. On the other 
hand, manganese has only a slight effect on primary hardening, 
and its action under 2 per cent is negligible, at least when the 
silicon content is normal. Beyond 2 per cent, the action of man- 
ganese is slightly more marked and should be neutralized by a 
slight increase in the amount of silicon. Manganese increases 
hardness and reduces the deflection in the transverse test as soon 
as the percentage reaches and exceeds 2 per cent. Manganese tends 
to decrease the heterogeneity of the 2nd degree.* 






















Table 3 
Iron 
No. TC GC cc Si Mn P Ss Ni 
36 2.45 1.58 0.87 1.39 0.54 0.340 0.097 2.05 
5 2.47 1.40 1.07 1.60 0.44 0.356 0.090 
19 1.90 1.10 0.80 2.70 0.60 0.110 0.070 
29 1.72 0.93 0.79 2.90 2.50 0.072 0.051 
Nickel 


15. Nickel lowers the critical temperature range and the 
critical rate of quenching, and therefore acts very favorably on 
the secondary quenching. It has the advantage over manganese of 
reducing the tendency to primary hardening. It favors graphitiza- 
tion, but this action can be neutralized by lowering the percentage 
of silicon and by slight additions of chromium. Nickel markedly 
decreases the heterogeneity of the 2nd degree. 








Chromium 





16. Chromium raises the critical temperature range but low- 
ers the critical rate of quenching. It favors an increase in the 
depth of hardening. It raises the limit of the temperature of re- 
versibility and tends to decrease graphitization. 








Carbon 






17. The higher the content of carbon, the greater the ten- 
dency toward graphitization and the, greater the heterogeneity of 
the 1st and 2nd degrees. The graphite is all the finer as the con- 
tent of total carbon is lower. In cast irons with 2.5 to 2.8 per 








*For the definition of heterogeneity of the Ist and 2nd degrees, see ‘‘Les Fontes 
a Haute Resistance,’ Lemoine, Liege Congress, 1928. 
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cent total carbon, made in the cupola, eutectic is found in thin 
test pieces of 2.95 in. (75 mm.) thickness and which, therefore, 
have been cooled rapidly; whereas, in pieces 5.90 in. (150 mm.) 
thick, the graphite is more readily found to be in the form of 


lamellae. 
18. However, in gray irons having relatively little tendency 


to graphitization, in irons having a low total carbon, and in irons 
with a low percentage of silicon situated in the pearlitic region of 
the Maurer diagram but at the limit of mottled iron, the graphite 
tends to precipitate also in the 5.90-in. (150 mm.) pieces in the 
form of fine eutectic. We have had some very marked examples 
of irons having the analysis shown in Table 3, in which the struc- 
tural heterogeneity was, therefore, very small (see Figs. 1-5, in- 
clusive). 





Fic. 1—PHOTOMICROGRAPHS OF IRON No. 36 (TC 2.45 Per Cent, GC 0.34, Sr 
1.39, Mn 0.54, Nr 2.05). A: 150 Mm. Test Piece, UNETCHED, X50. B: 15 MM. 
Test Prece, UNETCHED, X50. C: 150 mM. Test Piece, ETCHED WITH PICRIC 
Acip, X400. D: 15 MM. Test Piece, ETCHED WITH Picric Acip, X400. 














MARTENSITIC QUENCHING oF Cast IRON 


Stupy or Nicket Cast Irons 


19. Guillet, Galibourg and Ballay have studied a compara- 
tively large number of various irons made in the crucible with 
compositions within these limits: Total carbon 3 to 3.4 per cent, 
manganese 0.24 to 1.32 per cent, silicon 0.84 to 2.11 per cent, 
nickel 0 to 5.4 per cent, chromium 0 to 0.7 per cent, sulphur under 
0.06 per cent, phosphorus 0.37 to 0.96 per cent. From the prac- 
tical point of view they considered two groups: (1) Irons easily 
machined and susceptible to martensitic hardening; (2) self-hard- 
ening irons which are hard when cast but are susceptible to ma- 
chining after having been reheated at 1202 degs. Fahr. (650 degs. 
Cent.) 

20. Further investigations were directed principally toward 
the following points: (a) The determination of the critical points 


Fic. 2—PHOTOMICROGRAPHS OF IRON No. 5 (TC 2.47 PER CENT, GC 0.356, 
S1 1.60, Mn 0.44). A: 150 mM. Test Piece, UNeETCHED, X50. B: 15 MM. 
Test Piecr, ONETCHED, X50. OC: 150 MM. Test Piece, ETCHED WITH PICRIC 
Acip, X400. D: 15 mM. Test Piece, ETCHED WITH PicRic Acip, X400. 
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Fig. 3—PHOTOMICROGRAPHS OF IRON No. 19 (TC 1.90 Per CENT, Si 2.7, 

Mn 0.60). A: 150 mM. Test PIEcE, UNETCHED, X50. B: 15 mM. Test 

Piece, UNETCHED, X50. OC: 150 wm. Test Piece, ETCHED WITH PiIcRIc ACID, 
X400. D: 15 mm. Test Piece, ETCHED WITH Picric Acip, X400. 








Fic. 4—PHOTOMICROGRAPHS OF IRON No. 29, Test Pieces 15 MM. THICK. 
UNETCHED, X80. A: IN THE GRAY PORTION, THE GRAPHITIC EUTECTIC Has 
TAKEN THE PLACE OF CEMENTITE. B: IN THE CENTER, THE GRAPHITIC EUTECTIC 
Is STILL FINE. 
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Fig. 5—PHOTOMICROGRAPH OF IRON No. 29, Test Piece 15 MM. THICK, STRUC- 

TURE IN THE GRAY PORTION. MATRIX IS ENTIRELY PEARLITIC. TOTAL AB- 

SENCE OF FERRITE, EVEN IN PROXIMITY OF GRAPHITE. PEARLITE IS IN FINE 

GRAINS. SOME PARTICLES OF CEMENTITE. ETCHED WITH Picric AcIp, X1000 
(REDUCED APPROXIMATELY ONE-FOURTH). 





for various rates of cooling; (b) determination of hardness curves 
as functions of quenching temperatures; (c) the influence of draw- 
ing; (d) mechanical properties after quenching and drawing. 

21. The principal conclusions drawn were that it is possible 
to obtain irons which harden by martensitic quenching with a 
relatively small content of nickel, from 1 to 2 per cent, provided 
the content of silicon is rather low and the manganese content 
sufficient ; that the manganese should be about 1 per cent in order 
to facilitate the influence of nickel. Generally, silicon can be main- 
tained at about 1 per cent. 

22. For quenching in oil, a nickel content of 1.5 to 2 per 
cent is sufficient. The analysis adopted for test pieces 0.787 in. 
(20 mm.) thickness was: Total carbon 3.2 per cent, manganese 1 
per cent, silicon 1.1 to 1.15 per cent, and nickel 1.5 to 2 per cent. 

23. For quenching in still air, the nickel content should be 
raised to 4 or 5 per cent, according to the thickness. As the 
pieces must be hard when east, they must have a relatively high 
content of nickel because the cooling rate in sand is low. Tables 
4 to 10, inclusive, give a few results as indicated by the investi- 
gators. 

24. Finally, the investigators have certain data on machin- 
ability in a lathe which showed that the irons under consideration 
can generally be easily machined. 
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Table 4 
-—Ac-—,. a——Ar,-——~ 
Begin- in- 
Iron ning End, nings End, Ar, 
No. Cooling Rate. 1 te: i. + 8 OF; OF... Fe, 2 ake. ae 
175 About 11 min. 3.38 0.57 2.00 0.00 0.37 0.062 1490 1571 1409 1310 
176 About 11 min. 3.12 0.60 1.46 1.15 0.39 0.055 1427 1517 1355 1265 
252. = About 11 min. 3.35 1.138 1.72 1.82 0.73 0.060 1427 1517 1274 1184 .... 
205 About 11 min. 3.42 1.10 1.80 3.32 0.19 0.141 1355 1454 1193 1040 347* 
205 About 392° F. per min. 3.42 1.10 1.80 3.32 0.19 0.141 1355 1454 1184* .... 437* 
215 About 20° F. per min. 3.08 0.92 1.57 4.02 0.08 0.079 1292 1418 .... .... 392 
216 «=©About 20°F. per min. 3.07 0.91 1.70 5.07 0.08 0.077 1247 1427 .... .... 347 
*Only slightly indicated. 
Table 5 
PuysicaL Propertres—Iron No. 176. 
Brinell Hardness as cast = 188 
(Specimen 1.77 in. (45 mm.) in diameter) 
Quenching o————— Brinell Hardness -—_———_—. 
Temperature, 
degs. Fahr. Oil Quenched Air Quenched 
1382 176 172 
1472 265 186 
1562 325 201 
1652 389 223 
Brine. Harpness Arrer QUENCHING IN OL 
at 1652 Deas. Fanr. anp Drawn 
Temperature of Draw, degs. Fahr. sige 68 482 572 797 932 1202 1337 
Brinell Hardness number. . . : 389 339 307 315 271 178 154 
Table 6 
Iron No. 252—Properties as Cast AND AFTER OIL QUENCHING 
AT 1490 Deas. Faur. aNnD Drawn. 
— ——Quenched and Drawn at————-————-. 
As Cast. 68°F. 572°F. 797°F. 842°F. 1112°F. 
Brinell Hardness number. . . 170 353 447 290 309 235 
Compression, lbs. persq.in.. 113,760 107,076.6 163,530 + ae 153,576 118,026 
Shear,* Ibs. per sq. in....... 36,261 28,724 42,944.4 46,926 44,793 38,678 .4 
Transverse,* Ibs............ 1135 540 tL. Fiesaras 1212 1212 
Deflection, mm... .. ae 0.17 0.14 ee 0.15 0.18 
*Shearing tests were made on cylindrical pieces of 0.22 in. (5.64 mm.) diameter, and the trans- 
verse tests with pieces 0.315 x 0.394 in. (8x 10 mm.) on supports 1.18-in. (30 mm.) apart as per 
Specifications of French Navy. 


Table 7 
Iron No. 205—BrineLtt Harpness or Test Pieces as Cast. 
Specimen 0.98 in. Specimen Diam. 1.77 in. (45 mm.) 
(25 mm.) in Diameter At the Surface At the Center 





254 269 225 
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Table 8 
BrineELL HarpNness AFTER QUENCHING IN Om AND Air Biast AND Draw 


Temperature of Draw, 





IR vse ci sie ceevce 68 482 572 662 797 932 1067 1202 1337 1517 
Brinell Hardness No. when 
Quenched in Oil............ 434 398 374 365 371 313 299 263 242 337 
Brinell Hardness No. when 
Quenched in Air Blast...... 389 303 322 317 325 262 250 198 196 297 
Table 9 
Iron No. 216 
Temperature of Hardness After Quenching—————_. 
Quench, degs. Fahr. In Oil In Air Blast In Still Air 
1292 386 305 rm 
1382 371 401 
1472 347 347 
1562 322 322 ra 
1652 301 301 332 
Table 10 
Iron No. 216 
Quenched in Oil at 1292 degs. Fahr. and Drawn at: 
aS Ae eee 68 662 797 1067 1202 1337 1517 
Brinell Hardness No.............. 386 317 285 258 218 214 315 


25. In 1931, Raymond Chavy of the Centre of Informa- 
tion on Nickel presented a paper to the International Foundry 
Congress at Milan entitled ‘‘Quenched and Hyper-Quenched Cast 
Irons—Investigations and Recent Applications,’’ in which he ex- 
amined the following from the point of view of practical appli- 
cations and results: (a) White irons with cementite-martensite ; 
(b) pearlitic gray irons or sorbitic irons; (¢) gray martensitic 
irons, after cooling in the mold, and after cooling in still air fol- 
lowing immediate stripping from the mold; (d) gray irons with 
martensite-austenite ; (e) austenitic gray irons. The study of this 
last class of irons, which had been started in the United States, 
was taken up and developed in France by Marcel Ballay. These 
austenitic irons present considerable interest from the point of view 
of their resistance to corrosion, and their electro magnetism. 

26. In the studies summarized above, it is more particularly 
the influence of nickel that was investigated, bearing in mind that 
the favorable influence of a manganese content reaching 1 to 1.2 
per cent had already been found. The action of manganese on 
the quenching properties of steel has been known for a long time, 
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Table 11 
Carbon, Manganese, 
Per Cent Per Cent Structure 
0.80 3.0 Pearlitic. 
3 to7 Martensite-Troostite. 
1.00 1.9 to 2.0 Martensite-Troostite. 
2.5 to 4.8 Martensite. 


and from the structural diagram of manganese steels by Guillet it 
is apparent that for contents ranging from 0.8 to 1 per cent of 
combined carbon, which correspond to the contents of pearlitic 
irons, the structures of Table 11 are obtained. 

27. On the other hand, Portevin and Chevenard have touched 
upon the study of the influence of manganese in cast iron, and they 
gave in the bulletin of the Association Technique de Fonderie some 
dilatometric curves relative to an iron having the composition of 
carbon 4.2 per cent, silicon 1.34 per cent, and manganese 4.06 per 
cent. They summarized the action of the manganese as follows: 
(1) Manganese tends to neutralize graphitization; (2) it has an 
action on the constitution of complex cementites; (3) it renders 
iron-carbon alloys self-hardening (air quenching). 

28. We believe that these influences of manganese have not 
been commercially applied up to the present, for the reason that 
it was feared the manganese had a strong influence on the primary 
hardening, and because manganese was, and still is, believed to 
facilitate the formation of porosities and microscopic cracks. 

29. We ourselves have had experience with manganese irons 
having a coarse grain structure, which are occasionally used and 
made in America as well as in Europe. The most current prac- 
tical formula for these irons with coarse grain structures is as 
follows: Total carbon 3.4 per cent, silicon 3 per cent, manganese 
3 per cent, and phosphorus 0.3 to 0.6 per cent. However, we also 
have found similar crystalline fractures in irons having the same 
chemical composition, except that the manganese was under 2 per 
cent, and it is quite certain that if the manganese has an influence 
on the constitution of these irons, the total carbon, silicon and 
phosphorus are no less important factors of heterogeneity. We 
show in Fig. 6 an example of the fracture of such an iron, and in 
Fig. 7 a microstructure of such an iron. Such irons have medi- 
ocre mechanical properties and are utilized only on account of 
their coarse grain structures. 
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Fic. 6—-APPEARANCE OF FRACTURE OF IRONS Nos. 40 AND 43. REDUCED APPROXI- 
MATELY ONE-FOURTH. 





Fig. 7—PHOTOMICROGRAPH OF IRON NO. 37, STRUCTURE SHOWING GRAPHITE, 
PEARLITE AND PHOSPHORUS EUTECTIC. ETCHED WITH NITRIC AcID, X400 (RE- 
DUCED APPROXIMATELY ONE-FOURTH). 


30. From these results we have concluded that it is, no 
doubt, possible to obtain manganese irons with a fine structure but 
possessing high mechanical properties, by varying in a favorable 
direction the elements other than manganese. The practical re- 
sults have come up to our expectations, and after lowering the 
contents of carbon and phosphorus we have obtained homogeneous 
irons with very fine structure and susceptible to martensitic 
quenching. 

31. We are well aware that the disadvantage of low-carbon 
cast irons is that they are hard to cast and that they are more 
susceptible to piping; but it is possible in common practice, even 
with an ordinary cupola, to make cast irons of a suitable chemical 
composition in which the carbon is fixed, for example, at a min- 
imum of 2.3 per cent. What is possible in the cupola is still more 
possible in the reverberatory furnace and in the electric furnace. 
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Table 12 
Hetero- 
Tensile geneity 
Strength,’ _ Brinell vy the 
Tron Ibs. per Hardness 2nd oy 
No TC GC CC Si Mn P 8 Cr 8q. in. No. in 
IRONS WITH LOW CARBON AND MANGANESE CONTENT 
14 2.08 1.52 0.74 2.95 0.47 0.084 0.079. .... 47,780 tere 
15 2.20 1.44 0.78 2.90 0.47 0.080 0.067. .... 56,880 pai res 
21 2.50 1.71 0.89 2.40 0.55 0.210 0.082. .... 45,500 269 10.4 
24 2.24 1.50 0.74 2.28 0.70 0.074 0.075 .... 44,080 269 15.5 
IRONS WITH LOW CARBON AND HIGH MANGANESE CONTENT 
25 2.40 1.50 0.90 2.50 1.438 0.156 0.075. .... 46,357 275 7.95 
26 2.00 1.46 0.54 2.26 1.54 0.088 0.072. .... 47,495 277 21 
27 2.11 1.47 0.64 3.35 2.14 0.148 0.033. .... 43,371 340 13.7 
28 2.50 1.62 0.83 3.22 2.12 0.280 0.059 .... 46,215 293 8 
29 1.72 0.93 0.79 2.90 2.50 0.072 0.051 44,508 335 9.3 
30 1.97 1.09 0.88 2.85 2.06 0.102 0.048 48,206 321 11.1 
31 - gm~ Ge: Be? Get OS :lClCR eee 286? nil 
31-B 2.21 1.59 0.62 2.86 4.0 | SS) Cee 311 
ome) ee wes oes Ee Se Se | erry 321 
IRONS WITH LOW CARBON CONTENT CONTAINING MANGANESE AND CHROMIUM 
44 2.00 1.10 0.90 2.28: 3.27 0.172 0.033 0.32 41,950 340 17 
45 2.27 1.61 0.66 4.52 2.35 0.108 0.056 0.47 43,371 302 13.9 
46 2.23 1.47- 0.76 3.78 2.60 0.154 0.057 0.48 _...... 322 14.1 
IRONS WITH HIGH CARBON, SILICON AND MANGANESE CONTENT 
37 3.42 2.74 0.68 2.81 2.39 0.316 0.020. .... 22,468 207 
38 3.32 2.69 0.63 2.00 2.24 0.268 0.013. .... 20,761 207 
39 3.22 32.71 0.51 32.77 2.01 0.478 0.017. .... 24,032 207 
40 3.15 2.46 0.69 3.07 1.77 0.420 0.017. .... 20,477 a 
41 3.21 2.57 0.64 3.05 1.67 0.442 0.025. .... 24,600 ies 
42 2.96 2.24 0.72 2.88 1.43 0.454 0.026. .... 21,900 196 
43 2.90 2.25 0.65 2.73 1.29 0.422 0.020. .... 25,170 oni 


'Tensile tests made on specimens with an “‘as cast’ diameter of 1.18 in. (30 mm.) and machined 
to a diameter of 0.98 in. (25 mm.) 

?Hardness taken in a block of 9.84 in. (250 mm.) diameter and 12.78 in. (325 mm.) high; hardness 
in the center and at the surface is the same; the heterogeneity of the first degree is, therefore, nil. 


Table 13 
Shear Trans- Compres- 
Brinell Strength, verse Deflec- sion, 
Iron Hardness Lbs. per Strength, eg lbs. per 
No. No. sq. in. lbs. sq. in. Remarks 
14 -340-—«56,880 2205 «0.20 -~—«184,860 |The test pieces were 
taken in a square 
15 340 53,325 1996 0.18 209,034 jbar 1.58x1.58 in 
(40 x 40 mm.) 


32. In Table 12 are given the characteristics of a number of 
irons with low carbon content which we have studied, and more 
particularly those samples having a high content of manganese. 

33. The tensile strength was determined on test pieces hav- 
ing a diameter of 1.18 in. (30 mm.) when cast, and machined down 
to 0.98 in. (25 mm.) For the irons of Table 13 the Brinell hard- 
ness was determined on pieces 1.57 x 1.57 in. (40x40 mm.), and 
on the irons of Table 12 the heterogeneity of the 2nd degree was 
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determined from hardness tests made on step-bar test pieces in 
which the thicknesses ranged from 0.59 to 5.9 in. (15 to 150 mm.) 
34. The mechanical properties of some of the above-mentioned 
irons, tested according to the specifications of the French navy, are 
given in Table 14. The tests were made on test pieces of which 
the dimensions are indicated above, with a Malicet and Blin testing 
machine. As a basis of comparison, we might say that the pro- 
visional specifications of the French navy for high-strength cast 
iron are: Brinell hardness 170 to 240, shear strength 35,550 Ibs. 
per sq. in., transverse strength 1213 lbs., deflection 0.2 mm., and 
compression 110,916 lbs. per sq. in. Table 14 gives the results of 
tests on step-bar test pieces. 
35. Irons Nos. 31-B and 31-C were tested on pieces taken 


Table 15 
Brinell Shear Transverse 
Tron Hardness Strength, Strength, Deflection, 
No. No. Ibs. per sq. in. 8. mm. 
31-B 306 54,885 2205 0.12 
31-C 340 56,880 1984 0.11 


from a cylinder of 9.8 in. (250 mm.) diameter, with a thickness of 
0.79 in. (20 mm.) The results were as given in Table 15. 

36. The conclusions to be gained from these tests have al- 
ready been largely given in the paragraph in which we discussed 
the influence of manganese. One can note particularly the reduc- 
tion of the deflection as the manganese content and the hardness 
inerease. The transverse strength is considerably reduced in the 
manganese-chromium irons Nos. 44 to 46, and it is particularly 
low, as is also the shearing strength, in the iron No. 45 with 4.52 
per cent silicon. Generally speaking, the mechanical characteris- 
ties are much higher than the specifications of the French navy. 


MICROSTRUCTURE 


37. The graphite in the irons investigated is never sur- 
rounded by ferrite, and even the graphitic eutectic contains pearl- 
ite in the space between the lamellae. We have seen in the para- 
graph relating to carbon that the structural heterogeneity is very 
small in irons which have little tendency to graphitization, and that 
the graphite was found in the eutectic state in the thick test pieces 
as well as in the thin ones. In the manganese irons, an example 
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of which is given by iron No. 29 (Figs. 4 and 5), the irons con- 
taining 2.2 to 5 per cent manganese were distinctly pearlitic, and 
in the iron containing 4 per cent manganese there is, in addition, 
a little martensite in the pieces having a thickness of 0.787 in. 
(20 mm.)—see Figs. 8 and 9. A simple reheating under the point 
of transformation (Ac,) is sufficient to destroy this martensite and 
to soften the iron. 





Fic. 8—PHOTOMICROGRAPH OF IRON WITH 4.73 PER CENT MANGANESE (TC 2.25 
Per CENT, Si 2.89), StRucTURE SHOWING PEARLITE, GRAPHITE AND MARTENSITE. 
ETCHED WITH Picric Acip, X1000 (REDUCED APPROXIMATELY ONE-FOURTH). 





Fic. 9—PHOTOMICROGRAPHS OF HIGH-MANGANESE HEAT-TREATED IRONS, DRAWN 
AT 700 Decs. Cent. (1292 Dees. FauR.) FOR 15 MINUTES, AND COOLED IN 
FuRNACE. ETCHED WITH Picric Acip, X400. A: IRON WITH MANGANESE 4.75 
Per Cent, TC 2.25, St 2.89, SHOWING GRAPHITE, PEARLITE AND SPOTS OF 
CEMENTITE OF FERROALLOY NOT COMPLETELY DISSOLVED. B:; IRON WITH MAN- 
GANESE 3.99 Per CenT, TC 2.21, Sr 2.85, STRUCTURE SHOWING GRAPHITE AND 
PEARLITE. 
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Table 16 





Ac ~ Ar ~ Critical 
Iron Beginning, End, Beginning, End, Temp., Ac-Ar 
No. TC Si Mn °F. °F. °F. °F. F. Expansion. %. 
14 2.08 2.95 0.47 1490 1562 1310 1130 1247 5.2 x10°% 284 
15 2.20 2.90 0.47 1490 1562 1310 1130 1256 5.3 x 10-3 284 
21 2.50 2.40 0.55 1472 1544 1310 1130 1328 4.5 x10°% 266 
24 2.24 2.28 0.70 1472 1526 1274 1094 1337 3.5 x10 284 
25 2.40 2.50 1.43 1436 1544 1238 1022 1409 2.45 x 10-3 338 
26 2.00 2.26 1.54 1463 1499 1184 1004 1382 1.1 x10 347 
27 2.11 3.35 2.14 1499 1526 320 1382 2.2 x10°% 1238 
28 2.50 3.22 2.12 1490 1526 302 1400 2.2 x10% 1256 
29 1.72 2.90 2.50 1436 1472 257 1652 0.7 x10 1247 
30 1.97 2.85 2.06 1427 1472 266 1472 1.35x10°% 1238 
31 1.69 2.89 3.75 1382 1472 167 1697 1.25x10°% 1337 
31-B 2.21 2.86 4.00 1382 1454 RS Os eel ble 1238 
31-C 2.24 2.89 4.70 1382 1454 SE MY Suathen. 0)! + Sees 2+ 9 hetahiaeeae 1238 
7——— Ae—-—n —— Ar——- 
Begin- Begin- Critical 
Tron ning, End, ning, End, Temp., Ac-Ar 
No. TC Si Mn Cr F. “a °F. 7: . Expansion. °F. 
44 2.00 2.28 3.27 0.32 1427 1472 1148- 932 212 1787 0.4x 10% 
45 2.27 4.52 2.35 0.47 1544 1706 1310-1040 527 1328 2.8x 10% 
46 2.23 3.78 2.60 0.48 1517 1562 1229-1112 347 1427 1.6x 10% 
——Ac——-~ Critical 
Tron Begin- End, Ar, Ar, Temp., Ac-Ar 
No. TC Si Mn ning, °F 7. v. ¥. "Fe Expansion. °F. 
37 3.42 2.81 2.39 1472 1535 eee 374 1472-1832 0.3-1.2 x 10-3 1193 
38 3.32 2.00 2.24 1436 1499 ee 338 1193 
39 3.22 2.77 2.01 1499 1553 1184 401 
40 3.15 3.07 1.77 1526 1562 1202-1067 392 
41 3.21 3.05 1.67 1508 1562 1202-1076 392 
42 2.96 2.88 1.43 1490 1553 1220- 986 oy 
43 2. 2.73 1.29 1490 1553 1202- 977 


38. The iron containing 4.7 per cent manganese contained 
also some spots of cementite, but we cannot assert that all the man- 
ganese that was added to the ladle was completely dissolved (Figs. 
8 and 9). 

39. In Table 16 are given the thermal properties of a number 
of irons as determined with the Chevenard dilatometer. The posi- 
tion of the points Ar as indicated is that obtained after cooling in 
still air, and all the temperatures are given in Fahrenheit. 

40. The expansion indicated is that produced by two cycles 
of heating, starting from the ambient temperature up to 1652 degs. 
Fahr. (900 degs. Cent.) in the first cycle and up to 1832 degs. 
Fahr. (1000 degs. Cent.) for the second, the heating and cooling 
of the furnace taking place at a rate which can be deduced from 
Fig. 10. 

41. The figures given above show that the influence of man- 
ganese on the hardening by quenching of irons is small up to 1.54 
per cent, but that as soon as the manganese content reaches 2 per 
cent the irons are air hardening for the rates of cooling adopted 
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during the tests. This characteristic, which can be used for the 
high-duty irons numbered 27 to 31, cannot be used for the irons 
numbered 37 to 43, the structure of which is in large grains (Fig. 
6) and in which the graphite occurs in thick lamellae (Fig. 7). The 
mechanical properties of these last-named irons are not very good. 


Je 68. 190 
Time in 


Fic. 10—HEATING AND COOLING RATES. HEATING: MEAN RATE BETWEEN 400 
Dees. CENT. (752 DeGs. Fawr.) AND 1000 Drcs. CENT. (1832 Drees. FABR.), 
26 DEGREES PER MINUTE. COOLING: STILL AIR, MEAN RATE BETWEEN 1000 
DeGs. CENT. AND 400 Decs. CENT., 4.5 DEGREES PER MINUTE; IN FURNACE, MEAN 
RATE BETWEEN 1000 DecGs. CENT. AND 400 DeGs. CENT. 18 DEGREES PER MINUTE. 
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Fig. 11—STABILITY OF LOW CARBON AND HIGH MANGANESE IRONS. 
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42. One also can observe that the critical temperature, and 
therefore the stability of the irons, increases with the manganese 
content; so that the expansion for a range of heating, even reach- 
ing high temperatures, is low in the group of irons numbered 27 
to 31, which factor is favorable for quenching treatment. 
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Fig. 12—APTITUDE FOR QUENCHING, OF LOW CARBON AND HIGH MANGANESE 
IRONS. 
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EFFECT OF QUENCHING AND DRAWING ON SMALL TeEsT PIECES. 
43. Following is a discussion of the mechanical characteristics 
obtained after quenching and drawing on pieces tested in the lab- 
oratory. Test pieces, as treated, had the final dimensions indicated 
earlier in this paper. The hardness tests were made on the test 


Table 17 
Shear Trans- 

Drawing Brinell Strength, verse Deflec- 

Temp., Hardness Ibs. per Strength, tion, 

Treatment. 7. No. sq. in. Ibs. mm, 

IRON No. 29—Ac 1436-1472 DEGS. FAHR. 

Quenched in still air....... whee 600 76,788 1629 0.15 
[ 59 600 62,560 1588 0.11 

Quenched in blast at 1607 | 212 “- 82,476 iis Bog 
degs. Fahr., then drawn |} 1112 418 85,320 2139 0.16 
and cooled in still air 1292 277 51,192 2315 0.17 
1436 248 63,990 2205 0.19 

1652 oes 74,944 aS whee 

f 59 580 71,811 2117 0.14 

572 600 96,696 2425 0.15 

Quenched in boiling water | 752 495 91,008 2205 0.15 
at 1607 degs. Fahr. then } 932 495 88,164 2271 0.17 
drawn and cooled in stil] } 1112 405 74,944 2007 0.13 
air. | 1292 302 65,412 2139 0.16 

| 1436 286 63,990 2646 0.21 

{ 1652 614 79,632 1642 0.14 

{ 59 580 78,176 2315 0.15 

| 212 92,430 Bice Seine 

| 572 690 96,696 2425 0.15 

Quenched in oil at 1607/ 752 495 96,696 2205 0.15 
degs. Fahr., then drawn; 932 444 85,320 2271 0.17 
and cooled in still air 1112 418 74,944 2074 0.13 
1292 241 65,412 2151 0.16 

1436 241 59,724 2646 0.21 

| 1652 600 99,540 to 1818 0.14 

85,320 


59 340 65,412 2315 0.19 

212 332 65,412 1874 0.14 

Quenched in still air at | 572 332 71,811 2425 0.18 
1607 degs. Fahr., then { 932 321 66,123 2315 0.15 
drawn and cooled in still | 1292 277 62,560 2315 0.15 
air. | 1472 255 59,724 2425 0.20 

( 1652 311 71,811 2205 0.18 

f 59 500 74,944 992 0.08 

| 212 ‘ 78,210 882 0.07 

Quenched in air blast at | 572 495 93,852 2646 0.18 
1607 degs. Fahr., then { 932 418 85,320 2205 0.16 
drawn and cooled in still | 1292 277 65,412 2151 0.18 
air. | 1472 269 62,560 2205 0.20 

| 1652 311 71,811 2139 0.17 

if 59 66,834 948 0.07 

| 212 532 76,788 904 0.06 

Quenched in boiling water | 572 495 102,384 2425 0.17 
at 1607 degs. Fahr., then { 932 418 88,164 2151 0.14 
drawn and cooled in still | 129 286 62,560 2205 0.15 
air. | 1472 277 62,560 2602 0.21 

{ 1652 311 79,632 2095 0.18 

if 59 79,632 1852 0.14 

| 212 532 82,476 1433 0.12 

Quenched in oil at noon 572 495 99,540 2911 0.20 
degs. Fahr., then drawn 932 387 85,320 2249 0.15 
and cooled in still air | 292 248 66,123 = eo 


1 
1472 255 63,990 
| 82,476 
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pieces used for the shearing test; the quenching temperature was 
1607 degs. Fahr. (876 degs. Cent.) in every case, and the test 
pieces were maintained at this temperature and also at the drawing 
temperature for 15 minutes. (See Table 17.) 

44. A comparison of iron No. 29 with irons Nos. 28 and 27 
shows that the first iron gives higher hardness figures after quench- 
ing in still air as well as in the other cases, this being due, first, 
to the higher manganese content, which is 2.50 per cent instead of 
2.10 per cent, and, second, to the lower graphite content. As to the 


Table 17 (Continued) 











Shear Trans- 
Drawing Brinell Strength, verse Defiec- 
Temp., ardness Ibs. per Strength, tion, 
Treatment. °F. No. sq. in. Ibs. mm. 
IRON No. 28—Ac 1490-1526 DEGS. FAHR. 
{ 59 321 78,17 2005 0.16 
212 311 74, 1896 0.18 
Quenched in still air at 1607 572 293 90,297 2139 0.21 
. Fahr., then drawn 932 286 74,944 2051 0.16 
and cooled in still air. 1292 260 65,412 2051 0.15 
| 1472 241 62,990 2646 0.24 
{ 1652 293 71,811 2139 0.18 
59 Sidi 71,811 915 0.10 
212 BRE 79,632 948 0.09 
Quenched in air blast at 572 495 109,494 2425 0.21 
1607 Degs. Fahr. 932 387 86,742 1896 0.11 
1292 286 65,412 2183 0.15 
1472 248 62,990 2603 0.28 
1652 293 72,522 1874 0.16 
59 pas 82,898 904 0.08 
572 477 113,760 2425 0.23 
Quenched in boiling water. 932 387 85,320 2117 0.20 
1292 269 65,412 2095 0.18 
1472 248 62, 2470 0.21 
1652 3 72,522 1786 0.20 
59 72,522 992 0.10 
212 wien 74,944 1103 0.11 
572 532 113,760 2646 0.20 
Quenched in oil. 932 418 85,320 2005 0.14 
1292 277 65,412 2271 0.18 
1472 248 62,990 2381 0.22 
1652 293 73,233 2051 0.18 
IRON No. 45—Ac 1544-1706 DEGS. FAHR. 
59 430 68,687 1036 0.10 
392 ont 83,182 2051 0.15 
572 ae 91,008 2205 0.15 
Quenched in air blast, then 752 375 78,779 2403 0.20 
drawn and cooled in still 932 364 61,430 1764 0.14 
air. 1112 293 57,449 1742 0.12 
1292 255 50,708 1676 0.11 
1472 262 62,074 1786 0.17 
1652 311 65,696 1367 0.11 
IRON No. 46—Ac 1517-1562 DEGS. FAHR. 
59 sa 63,990 1345 0.10 
392 one 103,806 2182 0.12 
572 aeaie 108,925 2249 0.13 
Quenched in air blast, then 752 495 100,678 2756 0.15 
drawn and cooled in still 932 418 85,888 2271 0.14 
air. 1112 321 71,811 2139 0.15 
1292 277 62,990 2073 0.15 
1517 402 84,036 2448 0.16 
1652 477 71,811 1962 0.14 
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Fic. 14—HARDNESS CURVES AFTER QUENCHING AND DRAWING, FOR IRON NO. 
COMPARISON OF QUENCHING IN STILL AIR, IN AIR BLAST AND IN OIL. 
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Fig. 15—EFrect OF QUENCHING AND DRAWING ON THE MECHANICAL PROPERTIES 
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curves representing the results of mechanical tests in relation to 
drawing temperatures, it will be noted that these curves show con- 
sistently the same shape. 


Hardness. 

45. The hardness decreases very slowly for drawing tempera- 
tures up to 752 degs. Fahr. (400 degs. Cent.) ; beyond that tem- 
perature, the hardness drops quite rapidly and then increases 
again when the drawing temperature exceeds the transformation 
point. 


Shearing Strength. 


46. The shearing strength increases in every case for a draw- 
ing temperature of 572 degs. Fahr. (300 degs. Cent.) ; it then de- 
creases progressively up to the drawing temperatures which are 
near to the transformation point, after which there is an increase 
due to quenching, the draws being followed by cooling in still air 
(Fig. 15, A and D). 


Transverse Strength. 


47. The transverse strength increases rapidly between 32 and 
572 degs. Fahr. (0 and 300 degs. Cent.), but in many cases there 
is a slight drop for a draw at 212 degs. Fahr. (100 degs. Cent.), 
particularly in the case of iron No. 27. Beyond 572 degs. Fahr. 
the transverse strength decreases progressively up to 1292 degs. 
Fahr. (700 degs. Cent.) and then increases again up to 1472 degs. 
Fahr. (800 degs. Cent.), which is the temperature near to the trans- 
formation point. The transverse strength then drops again when 
the drawing temperatures exceed the transformation point and 
when the metal is affected by quenching in still air during cooling 
(Fig. 15, B and E£). 


Deflection. 


48. It is remarkable that the deflection curves have the same 
shape as the transverse strength curves, with the result that the 
irons which offer the greatest resistance to deformation are those 
which are the most liable to deformation before breaking. It 
should be noted that the deflections have a tendency to be highest 
for those drawing temperatures which are closest to the critical 
temperature. This is easily conceived if these results are com- 
pared with those that would be obtained in the resilience test of 
heat-treated steels (Fig. 15, C and F). 

49. In fact, one notes two particularly remarkable tempera- 
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Fic. 16—PHOTOMICROGRAPHS OF IRON No. 29. ETCHED WITH NITRIC ACID, 2 
X500. A: FRACTURE AFTER QUENCH at 875 Deas. CENT. (1607 Dees. Fanr.), : 
COOLED IN STILL AIR, SHOWING GRAPHITE, MARTENSITE AND A LITTLE TROOS- 
TITE. B: FRACTURE AFTER QUENCH IN BOILING WATER AND DRAWN aT 300 
Dees. CENT. (572 Decs. Faure.) THE SHADING AROUND THE GRAPHITE IS 

DUE TO OXIDATION RESULTING FROM THE ETCHING. 


tures are apparent, 572 and 1472 degs. Fahr. (300 and 800 degs. 
Cent.) The point corresponding to 1472 degs. Fahr. could be fore- 
seen by analogy with steels; the point corresponding to 572 degs. 
Fahr. cannot be so easily explained, at least so far as shearing 
strength is concerned. Probably it coincides with the disappear- 
ance of the martensite, which would explain the greater liability 
to deformation of the metal and, consequently, the higher trans- 
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Fig. 17—PHOTOMICROGRAPHS OF IRON NO. 27. QUENCHED IN AIR BLAST aT 875 
Decs. Cent. (1607 Dees. Fanr.) ETCHED WITH Nitric Acip, X400. Ss 
Drawn AT 300 Decs. CENT. (572 Decs. FanR.), STRUCTURE SHOWING GRAPH- 
ITE, TROOSTITE AND REMAINS OF MARTENSITIC NEEDLES. B: Drawn at 800 
Decs. CENT. (1652 DeGs. FAHR.), STRUCTURE SHOWING GRAPHITE AND SORBITE. 
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Fic. 18—PHOTOMICROGRAPHS OF IRON NO. 27. QUENCHED IN OIL AT 875 DEGs. 

CENT. (1607 Decs. FauR.) ETCHED WITH NITRIC AciIpD, X400. A: DRAWN AT 

300 Dees. CENT. (572 Dees. FanrR.), STRUCTURE SHOWING GRAPHITE, TROOS- 

TITE AND REMAINS OF MARTENSITIC NEEDLES. B: DRAWN AT 800 DeGs. CENT. 

(1652 Deés. Faur.) STRUCTURE SHOWS GRAPHITE, GLOBULAR PEARLITE AND 
FERRITE. 


verse strength and the greater deflections obtained after drawing 
at 572 degs. Fahr. (300 degs. Cent.) 

50. However, in the case of shearing strength we can only 
conceive the low figures obtained between 32 and 572 degs. Fahr. 
(0 and 300 degs. Cent.) by the considerable brittleness of the mar- 
tensite, which would cause premature ruptures during the shear- 
ing test. The real curve obtained by extrapolation should then 
have a shape identical to that of heat-treated steels, and the maxi- 
mum obtained at 572 degs. Fahr. would then indicate the disap- 
pearance of the brittleness. The draws not having been affected 
between 212 and 572 degs. Fahr. (100 and 300 degs. Cent.), it is 
probable that this maximum would be slightly displaced toward 


Table 18 


BRINELL HARDNESS 
Quenched at 1697° F. 


Iron Drawn at Cooled in Cooled in 
No. Test Pieces As Cast 1292° F. Still Air Air Blast 
29 0.866 x 0.709 x 0.62 in. 340 277 532 532 
(22 x 18 x 16 mm.) 
27 1.57 in. (40 mm.) cubes 321 255 351 532 
28 1.57 in. (40 mm.) cubes 311 260 351 532 
29 1.57 in. (40 mm.) cubes 332 286 364 532 


Drawn at Cooledin Cooled in Cooled 
As Cast 1382° F. Still Air Air Blast in Oil 


indian gece 332 248 340 512 
248 


30 
30 
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the left, and should coincide with the total disappearance of the 
martensite toward 392 degs. Fahr. (200 degs. Cent.) for prolonged 
periods of drawing. 


Practical Tests 


51. The results of laboratory tests given in this paper show the 
great interest that can be presented by irons with low carbon and 
with a manganese content of 2 per cent or above. These results 
have, been confirmed by some practical tests, or tests made under 
conditions nearly practical. Table 18 shows the results of hardness 





Fig. 19—Ikon No. 30, Cast INTO A GEAR, SHOWING FRACTURE OF GATE. HEAT 

TREATMENT AND BRINELL HARDNESSES: AS CAST, BRINELL 332; Drawn 3 

Hours at 750 Dees. Cent. (1382 Decs. FaurR.), BRINELL 248; QUENCHED IN 

STILL AiR AT 950 Decs. CENT. (1697 Decs. FAHR.), BRINELL 240; QUENCHED 
IN AIR BLAST AT 925 DeGs. CENT., BRINELL 512. 


tests obtained on pieces larger than those indicated above, and on 
a gear made from iron No. 30. 


Practical Conclusion 


52. The results of quenching in an air blast show this to be 
the method to be adopted in practice for pieces of medium size. 
On the other hand, the laboratory tests on small test pieces show 
that it is advisable, when great hardness with sufficiently good 
machinability is required, to draw after quenching at a tempera- 
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Table 19 


Machinery Tests 
Machining Speed 
Tool Material Feet Meters Remarks 
IRON No. 2#-BRINELL HARDNESS OF TEST PIECE AS CAST, 335. 


High-speed steel R.S.V.fromthe Saar.. 39.36 12.0 Tool broke. 
High-speed steel R.S.V.fromthe Saar.. 29.52 9.0 Tool broke. 


High-speed steel R.S.V.fromthe Saar.. 17.04 5.5 Tool lasts 5 minutes. 
Tans GAO. oo oo hoes os cess 65.60 20.0 Works normally. 
Tungsten carbide...........:......... . 104.69 32.0 The tool stood up best; test stopped on 


account of vibration. 


IRON No. 30-BRINELL HARDNESS OF TEST PIECES AS CAST, 293 TO 321. 


High-speed steel R.S. V. fromthe Saar.. 21.32 6.5 The tool cut but was rapidly worn. 
Dinette GaaeMe ... ... 5.5 kis inns secneccncs 75.44 23.0 Works normally; could do better. 
High-speed steel with 8 percent Cobalt.. 59.04 18.0 Works normally; tool wears rapidly. 


IRON No. 30—-DRAWN AT 1382 DEGS. FAHR. AND COOLED IN 
FURNACE, BRINELL HARDNESS 241 


High-speed steel R. 8. V................ 39.36 12.0 Normal. 

High-speed steel R. 8S. V................ 52.48 16.0 The tool cuts but wears very rapidly. 

Tengeten Carbide... .o5 ccs icc cc seece ts 140.88 46.0 Stands normally not withstanding 
vibration. 

Tenguten cntbide ... oi. 55 cccccccccevcves 246.00 75.0 Stands normally; this does not permit 
greater speed. 


High-speed steel with 8 per cent Cobalt.. 65.60 20.0 Stands normally. 
High-speed steel with 8 per cent Cobalt.. 85.28 26.6 Tool cuts but wears rapidly. 


ture at least equal to 572 degs. Fahr. (300 degs. Cent.) This cor- 
responds to what has been found by Guillet, Galibourg and Ballay 
on nickel cast irons with a high content of carbon. 


MACHINABILITY 


53. All the machinability tests were made on a small lathe 
with a feed of 0.039 in. (1 mm.) and a cut of 0.068 in. (1.75 mm.) 
on test pieces having a length of 15.75 in. (400 mm.) and a diam- 
eter of 1.3 in. (45 mm.) The length and the small diameter of the 
machine bars were a considerable drawback, owing to the vibra- 
tions occurring at great speeds. (See Table 19.) 

54. When drawn, this iron (No. 30) can be machined like 
ordinary cast iron; it will be seen, therefore, that the great hard- 
ness in the natural state, of irons with a high manganese content 
of which the analysis is judiciously chosen, cannot be considered 
as an obstacle to their machinability. Furthermore, it has been 
possible to machine on a vertical lathe some steam engine cylinder 
linings made with the iron No. 30 and having an exterior diameter 
of 11.5 in. (290 mm.) and a thickness of 1.06 in. (27 mm.) when 
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Fic. 20—Iron No. 30, Cast AS STEAM-ENGINE CYLINDER LINER. THIS CAST- 
ING WHICH WoUuLD HAVE TAKEN A MARTENSITIC STRUCTURE BY AIR QUENCH- 
ING WAS QUENCHED IN OIL AS AN EXPERIMENT. BRINELL HARDNESS: AS CAST, 
293; AFTER DRAWING, 248; AFTER AIR QUENCH, 512. 


Table 20 


MAcHINING or CyLINDER Lintncs or [Ron No. 31-C Conrarnine 4.7 Per Cent 
MANGANESE WirH Castincs Heat TREATED BY DRAWING. 
BRINELL Harpness, 310 








-——-——Tool Speeds and Feeds__—_. 

Tool Material Meters Feet In. mm. In. mm. Remarks 
High-speed steel R.S.V.... 9 29.52 0.049 $1.25 0.157 4 Tool did not bite. 
High-speed steel R.S.V.... 5 16.40 0.049 1.25 0.157 4 Normal cutting with the tool 

standing up well. 
Tungsten carbide........... 14 45.92 0.032 0.83 0.079 2 Normal cutting. 
Tungsten carbide........... 32 104.96 0.032 0.83 0079 2 Edge of the tool became red 


hot but cut normally. 
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east (with Brinell hardness of 286 to 293—see Fig. 20), under 
conditions similar to those obtaining in ordinary circumstances. 
(See Table 20.) 

SUMMARY 


55. Summarizing the above study, manganese definitely favors 
the martensitic quenching as soon as it exceeds 2 per cent, to such 
an extent that medium-size pieces with a thickness of 1.06 in. (27 
mm.) could take a martensitic structure simply by cooling in 
still air. 

56. On the other hand, the low carbon content has improved 
the mechanical properties and has considerably reduced the danger 
of microscopic cracks or fissures due to rapid cooling, and this not- 
withstanding the presence of a high manganese content. These 
proportions of low total carbon and high manganese have contrib- 
uted to the increased stability of irons subjected to heat, which 
property is to be looked for in irons to be subjected to heat 
treating. 

57. Very low contents in total carbon should be avoided in 
current practice, owing to an increase in difficulties of casting, to 
the rapidity with which the metal passes from the liquid to the 
pasty state, and to its aptitude to piping. A content of about 2.50 
per cent can be adopted when melting iron in the cupola, while in 
the electric furnace, which enables the iron to be superheated, one 
should obtain interesting mechanical properties with higher car- 
bon, which can be around 2.80 per cent. 

58. Finally, if one considers the investigations of Guillet, 
Galibourg and Ballay, one can foresee interesting combinations 
that can be used in practice in the preparation of nickel-manga- 
nese irons with lew total carbon content and high manganese con- 
tent. Similarly, one could expect to see the nickel neutralize the 
action of the manganese, which in any case is slight, on the chilling 
in the mold, while their action on the aptitude to martensitic 
quenching would be added to each other, with the result of giving 
irons which have a particular tendency for quenching. Further- 
more, the low carbon contents, or else super-heating, would con- 
tribute to the decrease of the danger of microscopic cracks or fis- 
sures, a danger which we have not, as a matter of fact, come across 
during our investigations on pieces having a simple shape, the re- 
sults of the mechanical tests not having indicated any particular 
depreciation in the qualities of the iron, but rather a noticeable 
improvement. 
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A\ir-Furnace Cast Iron 


By Duncan P. Forses,* Rockrorp, ILL. 


Abstract 

The design and production methods for making cast irons 
in the air furnace are first described. The importance of skill- 
ful operations is discussed and points to be observed are listed. 
Duplexing, with the air furnace used for refining and super- 
heating, is discussed extensively. The production of high-test 
iron is described, stress being laid on carbon control. Com- 
positions, structures and properties obtained in such irons are 
given, and the use of alloys reviewed. 

1. So much interest has been shown in improving quality of 
cast iron in the last few years that it is fitting to consider and de- 
scribe what is probably the oldest method of making high-strength 
east iron in this country. The air furnace, or reverberatory fur- 
nace, has been in use a great many years for the melting of sev- 
eral different metals, and one of the earliest applications was in 
the gray iron field to produce castings of high strength. Without 
going into the history of the air furnace, it is interesting to con- 
sider the furnace in its present form and also the nature of the 
gray iron which is now being produced in it in this country. 


Arr FurRNACE DESIGN 


2. Air furnaces fall into three general classifications, depend- 
ing on the type of fuel used in the melting operation. The type of 
furnace which has been in use the greatest number of years is that 
using hand-fired coal for fuel. In general design, a furnace con- 
sists of a more or less rectangular hearth with a fuel combustion 
chamber at one end and a stack at the other end. 

3. When hand-fired coal is used, the combustion chamber 
takes the form of a fire-box fitted with grate bars and equipped 
with a blast pipe below the grate bars for forcing air through the 
fuel bed, which is from 12 to 18 inches in thickness. The coal 
used is usually of high B.T.U. content, with a high percentage of 


* Gunite Foundries Corp. 
Note: This paper was presented and discussed before one of the gray iron 
sessions at the 1933 Convention of American Foundrymen’s Association. 
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volatile matter, and the resulting flame is very rich in unburned 
gas and carbon monoxide. 

4. The flame passes over a low bridge wall where a quantity 
of secondary air is blown in through tuyeres in a wind bung 
located over the bridge wall. This secondary air completes the 
combustion of the raw, gaseous flame and directs the resulting 
high-temperature flame down upon the charge to be melted and 
upon the molten bath which results therefrom. 

5. The flame travels through the furnace rather rapidly, 
heating the charge by radiation as well as by conduction, and 
passes out to the stack over a low bridge wall at the rear end of 
the furnace. 

6. The heat balances of air furnaces and the melting effi- 
ciency have been quite completely covered in previous papers deal- 
ing with this subject. For our purposes it is only necessary to 
describe the types of furnaces as an introduction to the_consid- 
eration of air-furnace cast iron, which is to follow. It is suffi- 
cient, in passing, to say that from a fuel efficiency standpoint the 
air furnace is extremely wasteful. 

7. Within the last twenty years the use of pulverized coal 
and fuel oil have become almost universal in air furnaces in the 
malleable industry, with the greatest popularity being shown the 
furnaces using pulverized coal. In construction, the pulverized- 
eoal furnace differs from the hand-fired coal furnace in that the 
fire box is eliminated and in its place one or more pulverized 
coal burners are located in the end wall of the furnace, blowing 
the pulverized coal flame downward at a slight angle upon the 
hearth. (See Fig. 1). No secondary air is necessary to complete 
the combustion. 

8. The oil-fired furnace is similar to the pulverized coal fur- 
nace, except that a conical combustion chamber about six or eight 
feet in length is usually added at the firing end of the furnace 
to confine the oil flame and to assist the combustion of the oil 
spray and the air blast. Most of the oil-fired furnaces in use at 
the present time provide means of admitting secondary air to the 
flame at the end of the combustion chamber through tuyeres in a 
wind bung, the amount of air admitted at this point in relation 
to the amount that is blown in with the oil spray varying widely 
among different operators. Successful installations are in opera- 
tion where the secondary air varies from one-third to two-thirds 
of the total amount of air used. 
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Ys 
Fic. 1—PULVERIZED-COAL-FIRED AIR FURNACE SHOWN IN LONGITUDINAL SECTION 
WITH STEELWORK OMITTED. DoTTep LINE SHOWS SPACE OCCUPIED BY COLD 





CHARGE. 
Table 1 
TyPicaAL ANALYSIS OF 15-Ton CHARGE FOR HAND-FIRED AIR FURNACE 
Per cent 
of 
Material. Lbs. Charge. Si Cc Mn NS] P 
eee ea 15,000 50 2.00 2.90 0.45 0.060 0.160 
TE eschia sn asnss 7,500 25 1.50 4.00 0.80 0.035 0.180 
LE one canes 7,500 25 4.40 4.00 0.94 0.022 0.150 
Total Charge ...... 30,000 100 2.48 3.40 0.76 0.045 0.163 
Iron tapped ........28,500 95 2.03 2.90 0.51 0.063 0.165 
Per cent Loss of Elements...... 18.1 14.7 32.9 40.0* 12° 


*Gain. 


9. Without discussing the merits of one type of furnace over 
another, it can be stated: that the oil-fired and pulverized-coal-fired 
furnaces are more popular than hand-fired coal furnaces because 
of their rapid rate of melting and the fact that a low-priced charge 
ean be used to obtain a given ultimate analysis. Fuel economy is 
also an important factor. 


Arr FurRNACE Propucts 


10. In America, air furnaces are used principaily for the 
production of white-iron castings which are later to be annealed 
into malleable iron. For many years, however, high-grade gray 
iron has also been produced by the air furnace process, because 
this process offered the simplest means of obtaining low-carbon 
metal. In recent years, with the developments in metallurgy due 
to the use of alloys and electric-furnace melting, air-furnace cast 
iron has assumed greater importance. This metal is called ‘“‘gun 
iron,’’ due to its use of ordnance in the middle of the last cen- 
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tury. ‘‘Gun iron’’ is defined by Webster as ‘‘cast iron of extra- 
ordinary strength, prepared by melting in an air furnace instead 
of the cupola.’’ 

PropucTion METHODS 


11. Melting in the air furnace is accomplished by first re- 
moving a section of the roof bungs or firebrick arches, which gives 
access to the hearth section of the furnace. The charge of metal 
is deposited on the sand or brick bottom of the hearth and is so 
distributed that melting will be uniform across the width of the 
hearth. The charge usually consists of remelt from previous 
heats, purchased serap, and pig iron. Table 1 shows the typical 
charge. After the charging operation is complete, the bungs are 
replaced and sealed up with fireclay. The fire is then lighted in 
the fire box, or the pulverized coal or oil burners are lighted. 

12. Melting technique varies widely through the plants us- 
ing air furnaces, some operators preferring to melt as rapidly as 
possible with a sharp, hot flame. Some prefer to use a soft flame 
and take a longer time to accomplish the melting-down stage of 
the operation. Others prefer to soak the charge at a moderate 
temperature, in order to preheat it to the bottom of the hearth 
before any great amount of melting occurs. After the charge has 
been fairly well preheated, melting is then conducted as rapidly 
as possible. 

13. When the charge is in the all-molten condition, it is al- 
most universal practice to fire as hard as possible to give the 
metal enough superheat for pouring in the shortest possible time. 
This will require from one to two hours, and the molten metal is 


Table 2 

TIME SCHEDULE FOR 15-Ton Heat, HAND FIRED 
Time. Operation. 
ree Light fire. 
SA te Turn on bottom blast and partial top blast. 
2 Ere ere rs Top blast increased to full. 
MOUS aid cs. vocia bee Stir and skim slag. 
eee ....stir and take sample for analysis. 
2) eer Stir and pour fracture specimen. 
DOM akc oinecincd Stir and tap furnace. 
no EY eae - Reduce top blast. 


Poaccevan rece Furnace empty. 

















D. P. Forses 55 


usually stirred and skimmed several times during this period. 
Table 2 gives a time schedule for a 15-ton heat in a hand-fired 
furnace. 

14. Some operators prefer to leave the slag on the metal 
until just before tapping, thinking thereby to protect the metal 
from the oxidizing action of the flame. However, in most plants 
the metal is skimmed one or more times during the heating-up 
period, on the assumption that the presence of slag on the surface 
of the metal would delay the heating-up period to such an extent 
that there would be no gain, as far as avoidance of oxidation is 
concerned. 

15. When the metal is in the molten condition and has be- 
come sufficiently superheated, it is customary in all plants to pour 
a specimen or bar which can be broken so that the melter can 
examine the fracture. In some plants chemical analysis is also 
made from specimens taken at this time. When the tests have 
been completed, if the metal is of a correct composition and tem- 
perature, pouring can begin immediately. If the metal is not of 
correct analysis and fracture, the melter can make the necessary 
additions, of steel, alloys or petroleum coke to obtain the exact com- 
position desired. 

16. In the air furnace the carbon, silicon and manganese are 
being oxidized at all times, and frequently, if tests indicate a sur- 
plus of these elements, an additional ten or fifteen minutes of fir- 
ing will bring the metal to the desired analysis. When melting with 
pulverized coal, some of the more coarse coal particles often will 
fall into the bath and be absorbed, resulting in a slight pick-up 
of carbon which will counteract the loss due to oxidation. In gen- 
eral, this carbon pick-up is looked upon as dangerous, although 
under most circumstances no harm would result from a moderate 
amount of this carbon absorption. 


IMPORTANCE OF SKILLFUL OPERATION 


17. The above description of the melting operation is, nat- 
urally, very brief, and it is not too much to say that the experi- 
ence and technique of the melter will have a great bearing on the 
uniformity and quality of the resulting metal. 

18. The important points about successful air-furnace melt- 
ing which must be observed are: 

(a) Design and proportions of the inside of the 
furnace. 








56 Arr Furnace Cast Iron 


(b) Selection of materials and melting stock. 

(ce) Serupulous adherence to a definite program 
of operation. 

(d) Skill and experience in testing the metal be- 
fore tapping, and judgment in applying correctives, if 
needed. 

(e) Attention to resulting physical and chemical 
properties of metal from each heat, so that minor vari- 
ations can be corrected in subsequent heats before seri- 
ous divergence from standard practice occurs. 


DUPLEXING WITH THE AIR FURNACE 


19. A variation of operation of the air furnace occurs when 
the air furnace is used only for refining and superheating the 
metal instead of as a means for melting. Great progress has been 
made in the United States in duplexing gray iron and malleable 
iron, where the metal is melted in a cupola and refined in an elec- 
tric furnace or an air furnace. 

20. To understand the reasons for duplexing, it is necessary 
to consider briefly the capabilities of a cupola. The cupola pro- 
vides the least expensive known means of melting iron. The 
thermal efficiency is excellent, and the furnace, if the investment 
involved is considered, has a very high melting rate. For melt- 
ing small heats the cupola is not particularly efficient, but where 
melting can be continued for many hours the cost is very low. 

21. A cupola can be operated either with a continuous flow 
of metal at the spout or by intermittent tapping of individual 
charges. In either case, the analysis of the metal flowing from the 
spout is not uniform, due to the fact that the charge does not 
melt uniformly and that the carbon and silicon may vary over a 
considerable range. This variation is minimized if individual 
charges are tapped intermittently, because the metal which accu- 
mulates on the bed of the cupola has an opportunity to become 
somewhat uniform. 

22. If we are to consider only high-test iron, which is rela- 
tively low in carbon, there is a decided advantage in having the 
cupola deliver metal continuously, since a minimum time then is 
allowed after melting for carbon pick-up from the coke bed. 

23. In eupola operation, metal passes from the solid to the 
molten condition in a remarkably short period of time. In the 
melting zone the small drops of metal which are melted from the 
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pig iron and scrap will trickle down through the bed of incan- 
descent coke, reaching the bottom in a few seconds’ time in a con- 
dition hot enough for pouring. Investigators have established the 
fact that metal of this kind does not seem to graphitize during 
solidification in the same manner as metal melted in an air fur- 
nace or in an electric furnace. Without attempting to explain the 
reason for this phenomenon, we can state that time and tempera- 
ture probably are the controlling factors. 

24. In the case of duplexing with an electric furnace, the 
metal is superheated sufficiently to eliminate any tendency toward 
coarse graphite formation and, if desired, a time element can also 
be provided by holding the metal for a period of time in the elec- 
tric furnace before pouring. In the case of the air furnace, a 
very high temperature can also be obtained; but usually the melt 
heats up at a relatively slow rate and the air furnace provides a 
long enough period of time so that the same result can be accom- 
plished without going to as high a temperature as is required in 
the electric furnace. 

25. The reasons for duplexing, therefore, are to take advan- 
tage of the low melting cost of a cupola and at the same time pro- 
vide the necessary degree of superheat, or the necessary period of 
time in the molten condition to accomplish the refinement of the 
graphitizing tendency of the metal. There is an additional func- 
tion of the air furnace in that a reduction of the total carbon 
ean be obtained by steel additions or by mild oxidation in case 
the cupola does not bring the metal down with a low enough car- 
bon content. There is also the advantage that preliminary analy- 
ses and corrections can be made if the cupola operates at an analy- 
sis not desired. 

26. Duplexing with an electric furnace is not within the 
scope of this paper. Therefore, I will attempt to outline only the 
procedure used in duplexing with an air furnace. The cupola can 
be placed adjacent to or some distance away from the air furnace, 
depending on the most convenient arrangement. The most logical 
arrangement is to have the cupola close enough to the air furnace 
so that the molten metal can be run by gravity through a long 
spout direct from one to the other.. 

27. It is also advantageous to have a receiver located be- 
tween the cupola and the air furnace to hold an amount of metal 
equivalent to one cupola charge, so that the metal flowing in will 
mix with the metal already in the receiver and the metal flowing 
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out will be of substantially uniform composition. The metal can 
also be slagged at this point and a desulphurizing agent applied. 
Using approximately 6 Ibs. of fused soda ash to the ton, the sul- 
phur ean be reduced from 0.125 to 0.090 per cent. Further de- 
sulphurization can be obtained using a greater amount of soda ash. 

28. With such an arrangement the air furnace can be op- 
erated either for batch pouring or continuous pouring. If it is 
operated as a batch furnace it is usually desirable to permit the 
metal to remain under fire in the air furnace for approximately 
two hours. This permits ample time for preliminary analyses and 
the breaking of test samples before any metal is poured into cast- 
ings. It also allows the metal to remain quiescent in a shallow 
bath so that slag and impurities may rise to the surface. - Care 
should be taken to avoid excessive temperatures, as time and not 
temperature seems to produce the best results from air-furnace 
metal, particularly in the case of low-carbon gray iron. 

29. If the air furnace is operated with continuous pouring, 
the body of metal in the furnace should approximate the amount 
that will be poured over a 2-hour period. This permits the metal 
to average two hours in the molten state; and while, theoretically, 
the incoming metal from the cupola may be adding a condition pre- 
moting the formation of coarse graphite, in actual operation no 
trouble is experienced from this cause. 

30. In duplexing, the metal entering the air furnace must be 
high enough in earbon, silicon and manganese so that a 2-hour 
period of mild oxidation will bring the analysis to that ultimately 
desired. Despite this requirement, considerable leeway is possible 
in the selection of a charge for the cupola. 

31. When producing high-test gray iron by duplexing, the 
charge will consist of remelt, plus a small amount of pig iron, 
some steel, and some purchased gray iron or malleable scrap. The 
operating characteristics of the cupola will, of course, determine 
the exact proportion to use. If desired, metal can be made entirely 
from steel scrap or bundled steel, making the proper analysis cor- 
rections by additions to the air furnace. Some experimentation is 
necessary to select the best charge to give the correct ultimate 
analysis, because no two cupolas and no two air furnaces operate 
in exactly the same manner, and raw material prices vary in dif- 
ferent localities. 

32. The economy of duplexing depends on the cost of mate- 
rials, the size of the equipment, and the amount to be melted in a 
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day. It is doubtful if any saving would be made over cold melt- 
ing in an air furnace unless the amount of metal to be used in a 
day exceeds thirty tons. 


Arr Furnace Gray Cast [ron 


33. Almost any type of cast iron can be made satisfactorily 
in an air furnace, but the air furnace is more commonly applied 
to the production of iron with less than 3.00 per cent carbon, 
because the cupola can produce this iron only with difficulty. For 
certain purposes, however, iron with carbon above 3.00 per cent 
is produced, and this iron can be made with great uniformity and 
purity. By using about 50 per cent pig and the balance remelt in 
the charge, sulphur can be held in the range 0.02 to 0.04 per cent 
and the resultant metal is close grained, with excellent physical 
properties. 

34. For the production of true high-test iron it is customary 
to keep the carbon content at a point below 3.00 per cent. The 
low carbon is necessary so that a minimum of graphite will be 
present in the casting. Air-furnace iron, like cupola iron, requires 
that, for a given metal section, the silicon content should be in- 
creased if the carbon content is lowered. As a result, most high- 
test iron of less than 3.00 per cent carbon is produced with silicon 
of 2.00 per cent or more. 

35. High physical properties in cast iron are favored by the 
following : 

(a) Low percentage of graphite. 

(b) Graphite of uniform size and distribution. 

(ec) Graphite of a flake structure where each flake 
is separate from every other flake, permitting continuity 
of metallic matrix. 

(d) Absence of ferrite crystals in the microstruc- 
ture. 

(e) Absence of cementite crystals. 

(f)  Pearlitie or sorbitic structure in the matrix. 

(g) Presence of alloys of the type which add to 
the strength of steel. 

36. High-test iron can be made with a carbon content as 
low as 2.00 per cent, although it is believed that none of this metal 
is produced commercially at the present time. Rarely is high-test 
iron made with less than 2.50 per cent. 

37. The influence of carbon content on high-test iron is very 
great, considering only those irons which have a completely pear- 
litie matrix. It is found that metal with less than 2.60 per cent 
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carbon develops a dendritic arrangement of the graphite crystals, 
which becomes more pronounced as the carbon content is lowered. 
This results in a ‘‘woody’’ appearance of the fracture and an em- 
brittlement which largely nullifies the advantages gained from a 
reduction in the total amount of graphite present in the castings. 

38. In order to maintain a completely pearlitic structure, it 
is necessary to increase the silicon content of the metal as the car- 
bon is lowered. Light-section castings will require an excessive 
amount of silicon, which will affect the heat-treating properties of 
the castings by reducing the percentage of combined carbon which 
can be retained in solution in austenite at temperatures above the 
critical. 


Table 3 
ANALYSIS AND PHYSICAL PROPERTIES OF TYPICAL AIR-FURNACE Cast IRON 
Tranverse 
Strength,* Deflection, Brinell 
Sample. Si Cc Mn Ni Cr Mo lbs. in. Hardness. 
1 2.04 2.80 0.62 .... <i aignand 6100 0.19 196 
eee eS Ge) Gece ates 6000 0.17 220 
3 Se ee EE | teen wane “avep 5600 0.18 187 
4 ae 6S OR occ e OBB noes 6300 0.15 235 
5 nee 6S | 6hCG CUED jee Sey at 6300 0.16 217 
6 206.. 360 @.08 .... vee OF 6600 0.21 212 
*Tranverse tests were conducted on a bar 1% inches in diameter, broken on 


12-inch centers. 


39. As the carbon is lowered, the hardness of the metal has 
a tendency to increase. For certain purposes this is very de- 
sirable, but it constitutes a handicap from the standpoint of ma- 
chinability. If resistance to wear is the desired property of the 
metal, an investigation should be made to determine whether or 
not increased hardness brings about the desired result. Table 3 
shows the analyses and physical properties of some typical air- 
furnace cast irons, and in Figs. 2, 3 and 4 are shown photomicro- 
graphs illustrating structures. 


Use or ALLOYS 


40. The use of the air furnace permits very convenient use 
of alloys. The metal leaves the furnace hot enough to melt alloy 
additions quickly and permit time for thorough mixing in a ladle. 
Furthermore, the uniformity of analysis of air-furnace iron per- 
mits much more exact metallurgical practice than is the case with 
cupola metal. It must be remembered, however, that in applying 











Fig. 2—PHOTOMICROGRAPH OF AIR-FURNACE CAST IRON, APPROXIMATELY 2.40 
Per CENT CARBON. UNETCHED, X100. 
















Fig. 3—PHOTOMICROGRAPH OF AIR-FURNACE CAST IRON, APPROXIMATELY 2.80 
Per CENT CARBON. UNETCHED, X100. 


alloys to air-furnace iron, only the alloying properties are of ben- 
efit because the graphitizing tendency of the metal has already been 
taken care of by the melting process. Characteristics of some of 
the more common alloys are given below. 


Molybdenum. 

41. Molybdenum additions to air-furnace iron in amounts up 
to 0.50 per cent result in an increase of strength and deflection, 
with no substantial change in hardness. Percentages in excess of 
0.50 continue to increase the strength, with a corresponding in- 
crease in hardness. 
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Fig. 4—-PHOTOMICROGRAPH OF AIR-FURNACE CaST IRON, APPROXIMATELY 2.80 
PER CENT CARBON. ETCHED WITH NITAL, X1000. 


Nickel. 

42. Nickel additions to air-furnace iron in small amounts up 
to 0.50 per cent produce very little change in the metal. Addi- 
tions above this amount tend to increase the strength and hard- 
ness of the metal. The nickel does not produce any noticeable ef- 
fect on the graphitizing tendencies. 


Chromium. 






43. Chromium additions are immediately effective in increas- 
ing the hardness and ultimate strength. If percentages of more 
than 0.50 are to be used, the metal will chill badly in thin sections 
and the microstructure will contain extensive deposits of unde- 
composed cementite. This can be avoided if the metal is produced 
with a higher silicon content, or if nickel is added with the chrom- 
ium to provide an increased graphitizing tendency in the metal. 



















Manganese. 

44. Manganese additions in moderate amounts have very 
little effect on air-furnace iron, except in heavy-section castings. In 
this case, higher manganese tends to prevent formation of ferrite 
crystals during the slow cooling below the critical temperature. 










Hardness of Air Furnace, Cupola and Electric Iron 





45. The question is often asked, wherein does air-furnace 
iron differ from cupola iron and electric-furnace iron. This is a 














D. P. Forses 63 


difficult question to answer, although there is evidence that a con- 
siderable difference exists. Some very high strength irons have 
been made in both the cupola and electric furnace without the use 
of alloys. In general, however, these irons are inclined to be 
quite hard, which is not the case with properly made air-furnace 
iron. 

46. Air-furnace iron of 50,000 Ibs. tensile strength can be 
produced with a Brinell hardness of 200 or less, whereas cupola 
and electric-furnace iron with a tensile strength of 50,000 Ibs. 
usually has a Brinell hardness of 220 or more. The reason for 
this difference is not readily apparent. 

47. Much of the success of air-furnace iron can be attributed 
to the fact that the few foundries in this country which produce 
it have available skilled metallurgists and laboratory equipment to 
insure intelligent manufacture and uniformity. 


SUMMARY 


48. The air furnace is the oldest means for the production 
of high-test cast iron. 

49. Under certain conditions, economies of manufacture can 
be brought about by duplexing from the cupola to the air furnace. 

50. Air-furnace iron differs from cupola iron in strength 
and hardness and differs from electric-furnace iron in hardness, 
assuming comparable analysis. 

51. The air furnace permits production of iron of low carbon 
content and facilitates the introduction of alloys. 

52. Ample time is provided in air-furnace melting for pre- 
liminary analyses and the introduction of material to correct 
faulty analysis. 


DISCUSSION 


MEMBER: Which type of firing does the author use? 

D. P. Forpes: We have used both hand firing and pulverized-coal 
tiring, and we have also used oil firing for white iron. 

CHAIRMAN JOHN W. Botton:* Those who have been in the game 
long enough, remember that years ago practically all the irons above 40,000 
lbs. were air-furnace irons. The improvements and changes, methods and 
manipulations, and greater knowledge that have come to us the last few 
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years, make it apparent that the air-furnace operators are keeping pace 
with everyone else. : 

MemsBer: Mr. Forbes mentioned the use of soda ash in a receiver 
before the air furnace. Is it possible, when the cupola is connected di- 
rectly into the furnace, to use the soda ash directly in the furnace itself? 

D. P. Forses: The problem in using soda ash is purely one of getting 
refractories to stand up in contact with the slag that is formed. We 
have found after much experimenting, that a good grade of firebrick is 
the cheapest, and that the smallest area of contact gave the best results. 
Consequently, we have rather a small receiver and we apply the soda ash 
at that point. Air-furnace sidewalls, of course, last much longer without 
any soda ash in the furnace. 

JoHN SHaw:* There is one thing in relation to the low-carbon 
irons which I might bring up. I think it is pretty clearly demonstrated 
now that superheating irons with carbons much below 3 per cent is of no 
value; perhaps it is really more of a detriment. Superheating is of more 
value with the higher-carbon type irons. 

R. F. HarRinetTon:} I listened with a great amount of interest to Mr. 
Forbes’ paper on air-furnace practice and concur on a great many of his 
points, particularly, that the air furnace is a means by which practically 
any of the higher test types of iron can be produced. It is particularly 
adaptable to the low-carbon type of iron. 

We have demonstrated pretty thoroughly the correctness of Mr. Shaw’s 
statement to the effect that excessive superheating of the lower carbon 
type of iron is really detrimental, and that much more is to be gained 
from superheating the irons in the higher carbon ranges. We have also 
experienced the dendritic structure when the carbons are in the lower 
range, in those castings of material which we might call special irons. 

I found it a little difficult to reconcile some of the data on physical 
properties that Mr. Forbes gave, with those of our own practice, particu- 
larly in conneciton with the relationship between Brinell hardness and 
tensile strength. We find that with plain irons running 50,000 lbs. or 
better in tensile strength, the Brinell hardness is apt to be at least 
twenty points above the hardness indicated by Mr. Forbes. He showed 
a transverse load of some 6100 lbs. on the old bar and stated that the 
tensile would be in the vicinity of 50,000 or 55,000 lbs., showing a Brinell 
of 196. In our experience with such a tensile result, we would have a 
Brinell hardness considerably in excess of 200. Of course, with the use 
of alloys, that hardness could be still further raised. 

D. P. Forses: Briefly in answer to Mr. Harrington, at one time 
we changed our operation from hand-fired to pulverized-coal firing, and 
found an increase in Brinell with similar analyses. We did not fire with 
pulverized coal for any length of time. That might explain, to a certain 
extent, why Mr. Harrington’s results are different from our own. 

R. F. Harrineton: Operating on pulverized coal in contrast to hand- 
firing, does not answer the question. As I recall, in the days of the 
hand-fired furnace we had greater oxidation, and there was a tendency 
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for a higher Brinell in the case of the hand-fired furnace. However, that 
may be beside the point. 

CHAIRMAN JoHN W. Botton: There are two rather significant points 
that might perhaps be re-emphasized in Mr. Forbes’ paper. I believe we 
should emphasize the point that the factor of time—a greater time allowed 
in air-furnace operations apparently, according to Mr. Forbes’ results— 
has such an effect that intensity of superheating is not as necessary as in 
certain other furnace practices. 

Another point brought out by the author concerns this dendritic 
structure, which I believe we may assume to be a result of a decomposi- 
tion of a primary austenite. It is very interesting to note the results he 
found in that connection. 

MEMBER: What is meant by “superheat?’ The word has been used 
several times in this meeting. 

D. P. Forses: By “superheat,” we mean getting the iron hot enough 
above the solidification point so that it can be handled in the foundry. 
Probably our iron would come from the furnace at, on the average, above 
2700 degs. Fahr., probably at all times less than 2900 degs. Fahr.; that is, 
as recorded by the optical pyrometer. 

CHAIRMAN JOHN W. Botton: The average operating temperature of 
2800 degs. Fahr. allows one to accomplish the same results in the air 
furnace that the electric-furnace operator gets with 2900 degs. Fahr. 

R. F. Harrineton: There is a good treatise on that subject with 
relation to heavy-ordnance gun manufacture in the middle of the last 
century, in which it was quite thoroughly demonstrated that the density 
of the iron and its consequent physical characteristics were very much a 
function of time and temperature. Those old air-furnace operators were 
rather limited in those days on the question of temperature because, of 
course, they did not have the advantage of pulverized-fuel firing. They 
then used the longer time in the furnace and lower temperature. As the 
time increased they built up density, and it was by longer time at a 
lower temperature that they were able to cast 60-ton and 100-ton guns 
of a density sufficient to stand the firing of heavy powder charges. Thus 
it is, I believe, very definitely a case of time and temperature; and in 
the case of the air furnace, the time element is the more important. 




















The Coreless Induction Furnace 
as a Laboratory Tool 


By Wayne E. McKrissen,* ScHenectapy, N. Y. 


Abstract 


This paper discusses the coreless induction furnace as used 
for experimental purposes where small quantities of alloy 
metals are desired. The author first describes the principles of 
the furnace, then the equipment as used in the Gemeral Elec- 
tric Co. laboratory, also refractories, raw materials, and 
problems encountered in the production of the various alloys. 
It has been found that by the use of this type of furnace, 
steels of widely varying analyses can be produced in sufficient 
quantities to allow adequate testing, analyses can be con- 
trolled with accuracy, and other advantages obtained. 


1. A number of papers have been written about coreless 
induction furnace operation, but in the main they have been con- 
cerned with commercial installations involving relatively large 
furnaces and tonnage production. It is the purpose of this paper 
to describe the results of five years of operation of 50- and 150-lb. 
Ajax Electrothermie Corp. furnaces in connection with the Re- 
search Laboratory of the General Electric Co. 

2. Briefly, the coreless induction furnace is a transformer, 
the primary consisting of a single-layer cylindrical coil of copper 
tubing to which electrical energy is supplied in the form of al- 
ternating current at a frequency of 500 to 2000 cycles for com- 
mercial melting, ten to thirty times the frequency of that utilized 
for power and lighting purposes. The secondary of the trans- 
former is the charge of metal, or conducting material, which is 
placed within the coil. Water is foreed or drawn through the tub- 
ing to carry away the heat generated by the passage of the electric 
current and conducted through the lining from the charge. 

3. The alternating current flowing in the primary causes 
an alternating magnetic flux to link the coil, and that flux which 

* Research Laboratory, General Electric Co. 
Note: This paper was presented before the round table on steel castings 
at the 1933 Convention of American Foundrymen’s Association. 
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is within the coil and linking the charge generates an electromo- 
tive force which causes eddy currents to flow in the charge, thus 
heating it. This heating oceurs regardless of the nature of the 
charge, providing that it has an appreciable electrical conductiv- 
ity, although the rate of heating for any particular frequency 
and coil and charge diameter is determined by the electrical re- 
sistivity and magnetic permeability of the charge and the thermal 
resistivity of the refractory. 

4. Reaction between the electromagnetic field set up in the 
charge by the coil and the eddy currents in the charge, will cause 
a fluid charge to circulate or stir, as shown in Fig. 1. The rate 
of stirring and the height of the meniscus m varies with the fre- 
quency, the crucible diameter and the position of the charge 
vertically within the coil. 

5. Since these furnaces operate at higher than normal fre- 
quencies, energy is usually supplied from motor generator sets, 
except for small installations which may be supplied by means of 
mercury spark gaps at frequencies of 30,000 to 40,000 cycles per 
second, or by vacuum tubes up to frequencies of 100,000 to 200,000 
eyeles per second. The power factor of coreless induction fur- 
naces is very low (in the neighborhood of 5 to 15 per cent), so 
that capacitors are connected in parallel with them, a sufficient 
number being connected to switches so that the power factor 
may be adjusted to near unity throughout the melting period. 
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Fic. 1—Cross-SECTION OF FURNACE, SHOWING STIRRING. 
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6. A relatively long melting time means a large loss of 
energy by radiation and conduction from the charge, and a short 
melting time requires larger and more expensive energy and 
control equipment. Increased operating frequency increases the 
difficulty and cost of building the generators and decreases the 
cost of the capacitor installation. Increasing the size of the 
charge reduces the minimum allowable operating frequency. At 
present, the usual procedure is to melt the charge in from one to 
two hours. The frequency generally used is 960 cycles, although 
frequencies up to 2000 cycles are in use. 


Equipment 


7. The equipment which we are using consists of an induc- 
tion motor-driven, single-phase, 60-k.v.-a., 960-cycle, 440-volt gen- 
erator with starting, switching and voltage regulating equipment 
located in the basement of one of the laboratory buildings and 
connected, by means of a concentric, two-conductor, lead-covered 
cable, with the furnace room on the third floor, a distance of about 
200 feet. 

8. In the furnace room the concentric cable terminates at a 
control panel which carries an oil circuit breaker; control for 
varying the setting of the voltage regulator; switching equipment 
for the capacitor bank located immediately to the rear of the 
panel; an ammeter, power factor meter, and voltmeter connection 
for the 960-cycle circuit; and a kilowatt-hour meter connected 
into the motor circuit to indicate the total energy input to the 
motor-generator set. From this equipment connection is made to 
a switching panel which allows the use of any of the four posi- 
tions on the furnace platform (see Figs. 2 and 3). 

9. Three of these positions are at trunnions which support 
furnaces, a 100- to 170-lb. furnace in the center with a 25- to 
50-lb. furnace on each side. Each furnace consists of a box of 
asbestos lumber attached to a brass angle frame with the bottom 
eovered with Sil-O-Cel granules or Sil-O-Cel brick under a refrac- 
tory cement. The coils are placed upon the cement and held in 
place by asbestos lumber spacers. 

10. Electrical connections are made by means of sliding con- 
tacts mounted beneath each furnace within an asbestos lumber 
enclosure. The contacts are connected to corresponding switches 
on the switching panel by means of cables which pass through an 
open-top duct in the furnace platform just to the rear of the fur- 
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Fic. 2—GENERAL VIEW OF THE MELTING EQUIPMENT. 





Fic. 3—CONTROL AND SWITCHING PANELS. 


naces, the duct being covered with asbestos boards set flush with 
the floor. Water connections, consisting of one inlet and two out- 
lets, are made by means of rubber hoses which attach to the water 
supply and discharge lines, also carried in the duct, and connect 
to the furnace coils by means of unions on the back of the fur- 
nace boxes beneath suitable shields. 

11. These arrangements allow rapid interchange of fur- 
naces of which two are available for each of the three positions, 
thus preventing a stoppage of operations because of furnace fail- 
ure. City water is used for cooling purposes, since one case of 
an overheated coil was apparently caused by foreign matter in a 
supply of poorer quality. 

12. A hood connected to a blower, discharging outside the 
room, is mounted so that it can be swung over the large furnace 
and one of the small ones to carry away noxious or toxic fumes 
which may result from the addition of certain alloying elements. 
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13. The fourth position on the furnace platform consists 
of electrical and water connections to which any one of several 
coils may be connected for special uses which will be described 
later. 

Refractories 


14. The charge of the coreless induction furnace is deep 
and of small cross-sectional area, the depth being about 1.25 times 
the diameter in our furnaces. Furthermore, to obtain satisfactory 
energy transfer from the coil to the charge, the space between 
them must be as small as possible in order to obtain good coupling. 

15. The first linings which we used consisted of a 14-in. lin- 
ing of No. 162 alundum cement inside the coil with a sheet of 
flexible mica fitted inside this for electrical insulation and for 
preventing metal, which may seep through the refractory, from 
reaching the coil. A pre-formed basie crucible with %4-in. wall, 
apparently largely magnesia with some less refractory binding 
material, was placed inside this and the clearance space of about 
14-in. between the mica and the crucible filled with chrome ore 
tamped lightly into place, a rim and pouring lip being formed 
on top with refractory cement. 

16. Due to the vigorous stirring of the molten charge and 
the character of the bonding material, the crucible life was quite 
short. Furthermore, any attempts to dislodge slag encrustations 
at the metal line were liable to break out a whole section of the 
crucible wall, allowing the chrome ore to run out and expose the 
mica and the coil to the heat of the charge and perhaps to the 
action of the molten metal. 

17. After considerable development, a lining was evolved 
which has proved to be very satisfactory. The alundum cement 
lining is % in. thick, this having been found capable of turning 
back any metal which might seep through cracks in the crucible 
wall proper. The mica lining is not used, the increased thickness 
of the alundum cement having eliminated the need for it. 

18. The crucible proper is formed by lightly tamping a basic 
lining material (82.6 per cent electrically fused magnesium ox- 
ide, 12.4 per cent calcined magnesium oxide, 5 per cent ‘‘G”’ 
sodium silicate) around a tapered graphite plug placed in the coil. 
No particular attention is paid to the particle size of the refrac- 
tory. It is ground until it ‘‘looks about right,’’ the largest par- 
ticles being of 3/64 to 1/4 in. diameter. (See Table 1.) 

19. The lining is then sintered by energizing the furnace 
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Table 1 
GRADING OF A TYPICAL SAMPLE OF REFRACTORY 
Retained by 20 mesh screen..............+-.e8- 10.6 per cent 
Retained by 40 mesh screen................206- 18.6 per cent 
Retained by 60 mesh screen...........c2eeeeees 22.6 per cent 
Retained by 80 mesh screen..........--....200. 5.3 per cent 
Retained by 100 mesh secreen................e08% 4.9 per cent 
Retained by 120 mesh screen...............ee005 5.0 per cent 
Retained by 150 mesh screen..............eee00% 3.3 per cent 
Retained by 200 mesh screen. .......-...ceeeeeee 9.2 per cent 
Passed by 200 mesh screen............cseeeeee 20.7 per cent 
Table 2 
Large Furnace, Small Furnace, 
100 to 170 Lbs. Lbs. 
Size of graphite plug, inches............ endian ...  15x7}—8} diam. 93x54—6 diam. 
Weight of graphite plug (finished), lbs......... Si cath 45 15 
Weight of graphite plug (unfinished), lbs... : ess 80 (approx.) 25 (approx. ) 
Kind of graphite........... 2A iimasd when Vas Acheson Electrode Graphite 
Labor of turning plug, hrs.......... Pe std bases ce 3 2 
No. of crucibles fused per plug...... . ae spees 10 12 
Cost of plug per crucible.......... PARE Sy Pals $1.25 $0.38 
Alundum cement (No. 162), ‘Tbs. ‘ond  icnichoaseod 15 $1.65 7 $0.77 
Thermolith cement (for lip), Ibs. and cost............... 15 $0.75 10 $0.50 
Refractory, lbs. and cost....... Aa eet <Seaiare 75 $4.50 25 $1.50 
Labor for placing, hrs. and cost......................605 2 $1.00 2 $1.00 
Kw. hrs. for drying cement. . ae Le oe 10 $0.20 5 $0.10 
Time required for shitarien, @ min. : nd cost 5 APR 75—90 $0.75 50—65 $0.50 
Kw. hrs. required for sintering. . : Piet che Soy 85--100 $2.00 45—55 $1.10 
NS dudelsbaraecs +s ones « va Spgs ema tetls ta $12.10 $5.85 
Maximum no. of heats per lining......................... 27* 43 
Average no. of heats per lining.................... ah 23—24* 28—30 
Cost of lining per heat................ Nee ary PO $0.50 $0.20 
eh NI oo 55.5 5 Got din th iste Feiea nae cecures (150-Ib. heat) $0.0033 (35-Ib. heat) $0.0058 


*The ewes of the large furnace deteriorate considerably from lack of use; otherwise, these figures 
would be bette: 


until the plug reaches a temperature of about 2000 degs. Cent. 
(3632 degs. Fahr.) the proper point being determined by the 
elapsed time and kilowatt-hour input to the motor-generator. The 
graphite plug is then removed and cooled in an atmosphere of 
illuminating gas to prevent excessive burning. After the crucible 
has cooled sufficiently, a rim and pouring lip are formed as before. 

20. The advantages of this type of lining are several. It is 
formed in place and is quite strong; it presents a smooth, con- 
tinuous face to the charge from the very beginning of the first 
heat, with no interstices for the metal to penetrate, and offers no 
opportunity for erosion before the metallic oxides form a glazed 
coating; it is highly refractory, and the bonding material is of 
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Fig. 4—CRUCIBLE PROPORTIONS. 


such a character as to resist the stirring action; and, finally, it 
is comparatively cheap. (See Table 2.) 

21. To return to some of the details concerning the ecruci- 
bles, the proportions are about as shown in Fig. 4, the burning of 
the graphite plugs used for fusing altering them somewhat. 

22. To facilitate the removal of the graphite plug after the 
sintering operation, a section 5 inches in diameter and 214 inches 
high (for the large plug) is left on the top of the plug through 
which a %-in. diameter hole is drilled transversely. During the 
sintering operation this top is covered with the refractory used 
for the lining. When sintering is completed, this top is uncov- 
ered, a 13/16-in. diameter steel rod 2 feet long is thrust through 
the transverse hole, pipes 4 feet long slipped over the ends of the 
rod, and the plug lifted out and placed in a steel tank upon a 
block of graphite. This arrangement has worked satisfactorily 
for two years, the only difficulty arising from the occasional melt- 
ing of the steel rod after the plug is placed in the tank. 

23. It will be noted that the crucible life which we obtain 
is rather poor as compared with that usually reported. However, 
in view of the intermittent and variable services required, these 
figures are not so bad. 

24. Never more than a few heats (usually only one) are 
poured at a time, the crucibles being heated and cooled quite 
frequently with the consequent expansion and contraction which 
cause cracking. Furthermore, the furnaces may be idle for sev- 
eral days at a time with the crucibles absorbing moisture, which 








W. E. McKissen 73 


is evaporated quite rapidly when a heat is made, with further 
stress upon the lining. 

25. About 15 per cent of the heats which we make are of 
high silicon content, i.e., 3 to 7 per cent, which causes consider- 
able erosion of the crucible. Successive heats quite frequently vary 
markedly in composition, so that it is necessary to make frequent 
wash heats (about 25 per cent) of high silicon content with occa- 
sionally the addition of considerable fluorspar to scour out the 
crucible, thus still further reducing the crucible life. 

26. The type of basic lining described is the one we gener- 
ally use. For the occasional heats requiring an acid lining we 
use a pre-formed crucible similar to the basic one first described. 
The life which we obtain from these is usually very short, only 
4 to 6 heats. We have also used zirconium silicate as furnished 
by the furnace manufacturers in place of the magnesium oxide. 
The life seems fairly good, but insufficient data are available to 
warrant a prediction of the life which they will give. 


Raw Materials 


27. Since most of the melting that we do is developmental 
work, it has seemed desirable to use commercially pure raw ma- 
terials to eliminate as many of the variables as possible. For the 
iron in our charges, we have used 114-in. to 2-in. Armco squares 
Y% to % in. thick. These melted quite readily and were conve- 
nient to use, but the melts required considerable deoxidation. 

28. Later, a deep-drawing scrap of the following analysis 
became available: carbon 0.05, manganese 0.2, phosphorus under 
0.02, sulphur 0.028, silicon a trace. This has been in use ever 
since and has proved very satisfactory. It melts down quietly 
and requires very little deoxidation. 

29.. An important factor in its good performance is the fact 
that it can be obtained in the form of 6-in. diameter disks about 
3/32 in. thick. These fit easily into the large furnace, giving a 
very good space factor and good coupling between the charge and 
the coil, thus reducing the melting time. The latter, coupled with 
the reduction of the surface-volume ratio resulting from careful 
stacking of the disks, is of importance in reducing the deoxida- 
tion required. 

30. For nickel alloys we have achieved best results using 
114-in. to 2-in. squares of electrolytic nickel. Shot nickel seems 
to melt down with the evolution of considerable gas. 
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31. Cobalt is used in the form of rondles, 4% in. diameter, 
14 in. long. This material as received from the importers con- 
tains considerable oxide, as shown by the condition of the interior 
of the pieces. Although we have occasionally cleaned this up by 
hydrogen firing, we do not resort to this procedure unless a ship- 
ment is very bad or the requirements of a particular melt quite 
severe. 

32. Chromium is used in two forms, 60 to 70 per cent ferro- 
chrome with carbon less than 0.3 per cent, and chromium metal 
containing about 2.5 per cent iron and 0.25 per cent carbon. 

33. The manufacture of X-ray and vacuum tube parts in the 
laboratory results in considerable amounts of very pure molybde- 
num and tungsten serap, all of which has been refined in the 
laboratory prior to working. Our supply of these metals is ob- 
tained from such serap. Quite frequently they are in the form 
of chunks of such size that they can be dissolved only by pro- 
longing the melting period considerably. 

34. Low-carbon ferrosilicon and ferromanganese of approx- 
imately 90 per cent alley content are used. For other alloying 
elements, such as titanium, vanadium, zirconium, high-grade fer- 
roalloys are used. 

Melting Procedure 


35. In connection with all melting in the coreless induction 
furnace, the factor of the vigorous stirring previously mentioned 
must be kept in mind. In the case of our large furnace, it is 
so vigorous as to cause the surface of the melt at the center of 
the crucible to be 2 to 3 inches above the surface at the walls. 
This means that there is considerable opportunity for oxidation 
during and after the melting period unless the melt temperature 
is kept low. 

36. This tendency is of considerable consequence when part 
of the charge wedges against the walls on the way down and the 
molten portion at the bottom becomes overheated. Under such 
circumstances the melt usually becomes very wild and causes 
considerable difficulty. We have found it advantageous to allow 
such melts to solidify when they are completely melted down, 
causing a considerable amount of gas to be evolved. Upon re- 
melting, the melts are usually found to be more tractable. 

37. In addition to melting as rapidly as possible and keeping 
the temperature low, we ordinarily add 0.2 to 0.4 per cent man- 
ganese, one-half when the charge is about half melted, the other 
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when it is nearly all down. This, in connection with the 0.2 per 
cent manganese in the iron scrap, keeps the melt in good shape. 
The final manganese is 0.2 and 0.4 per cent. 

38. Shortly after the last manganese addition, about one- 
half of a 0.2 to 0.3 per cent silicon addition is made, the melt 
warmed, power cut off, and any slag skimmed from the surface 
with an iron rod. Power is then put on, final additions made, 
followed by the other half of the silicon, proper temperature at- 
tained, and the melt poured as quickly as possible. If there is 
little slag after the first silicon addition, the power may be put 
on immediately without skimming, final additions made, and the 
melt poured without the last half of the silicon addition, providing 
the time taken for these operations is not too long. 

39. This general procedure is varied somewhat with cer- 
tain types of steel to give the best results. In the case of high- 
silicon steels (3 to 15 per cent), we melt down as described pre- 
viously, except that we keep out a small part of the iron serap, 
make the complete silicon addition just after the last manganese 
addition, and follow this with the remaining scrap to cool the 
melt to the skimming temperature. If the skimming operation 
does not take too long, we pour at once without reheating. If 
additions other than the silicon are to be made, we make them 
with power on after the skimming operation, adjusting the power 
input so as to have the correct temperature for pouring by the 
time the last additions have been sufficiently distributed. 

40. For melts containing more than 5 to 10 per cent nickel, 
we have found it desirable to melt very carefully and to reduce 
the amount of deoxidizers used as much as possible. The nickel 
is charged beneath the iron scrap and one-half of the manganese 
addition made when the charge is half down, the remainder at 
end. Final manganese is about 0.6 per cent. 

41. Considerable difficulty was encountered with the addi- 
tion of cobalt because of the evolution of gas. This is now over- 
come either by mixing the cobalt with the iron of the charge, or 
by placing it in the crucible on top of the iron in such a position 
that it will have a chance to heat thoroughly before it reaches 
the molten metal. 

42. Due to the size of the pieces of tungsten scrap, we have 
occasionally found it necessary to place them on the bottom of the 
crucible beneath the remainder of the charge to allow them suffi- 
cient time to dissolve. Using this procedure, we have had no 
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difficulty in making alloys containing as high as 30 per cent 
tungsten. 

43. The making of a plain carbon steel gave us considerable 
difficulty for quite some time. With no melting stock containing 
appreciable carbon available, and with the probability that the 
recovery would be quite small if it were used, we chose to add 
carbon to the completely molten charge by means of wash metal. 

44. Regardless of the melting procedure used, excessive boil- 
ing always occurred whenever even a small amount of wash metal 
was added. This frequently caused a crucible half full of metal 
to boil over, and very frequently caused ‘‘bridging’’ to occur quite 
a distance above the melt, making it necessary to hammer the metal 
until it was broken away and returned to the melt, with consequent 
damage to the lining. 

45. Since only small pieces of wash metal could be added at 
a time, because of this boiling, considerable carbon was lost through 
oxidation during the time required for the wash metal addition. 
Altogether, the results were quite erratic and unsatisfactory. 

46. After trying the addition of carbon by means of graphite 
placed on top of the melt, which gave 20 to 40 per cent recovery, 
we finally hit upon this scheme which has been much more success- 
ful. We melt the charge as usual with the manganese additions at 
the half-way and end points, holding out 5 to 10 per cent of the 
iron, add about 0.2 per cent silicon, plunge the carbon addition 
(graphite rods) to the bottom of the melt, folded in a flat cold 
rolled bar, and hold it there while the remaining iron scrap is 
added to solidify the melt on top. 

47. In about 5 minutes power is put on at about half normal 
voltage, and the voltage increased in 5 to 10 per cent steps at 5 to 
10 minute intervals until the charge is molten. This causes the 
graphite to dissolve before the top of the melt is broken through. 

48. As soon as the charge is remelted, about 0.1 per cent 
silicon is added and the melt poured. If there are further addi- 
tions, they are made after the second silicon addition. 

49. This is perhaps a trick method of melting, but it has 
worked exceptionally well for us. The final carbon is approxi- 
mately 10 per cent under the addition, and the results are very 
uniform. Furthermore, we have no trouble with excessive boiling, 
spitting and bridging. 

50. With the stirring and consequent oxidation which occurs 
with this furnace, it is clear that some adjustment of additions 
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Table 3 
Nickel 20% and over-—add 0.25-0.5% to desired per cent. 
Cobalt 20% and over—add 2% to desired per cent. 
Chromium —no increase. 
Carbon —increase by 1/10—recovery 90%. 
Vanadium up to 1% —increase by 1/2 —recovery 67%. 
Vanadium 1 to 3% —increase by 1/4 —recovery 80%. 


Silicon up to 7% —increase by 1/10—recovery 90%. 
Silicon over 7% —increase by 1/20—recovery 95%. 
Manganese —no increase for small percentages. 
Table 4 
Charge Wt., Ingot Wt., Per cent 
lbs. Ibs. Recovery. 
RN I Loa abe iar & 140 136 97.2 
Highly alloyed tool steel.......... 170 161 94.7 
Highly alloyed tool steel.......... 165 162 98.2 
Highly alloyed tool steel.......... average of 6 ingots 97.2 
Nickel-chromium alloy............ 140 13514 96.8 


must be made to obtain the correct analysis in the ingot. The 
amount of increase is dependent upon several factors, first, whether 
melting in the large or small furnace, the iron scrap having good 
coupling in the large one and stacking’ up so as to reduce oxida- 
tion ; second, the other elements which are added; and, finally, the 
melting procedure. 

51. The figures of Table 3 should, therefore, be considered as 
the increases which are necessary under our conditions. Some 
idea of the total melting loss can be obtained from the figures of 
Table 4. 
52. The time required for melting varies with the type of 
material, of course. Using a charge made up of one-half disks of 
deep-drawing scrap previously mentioned, the other half of alloy- 
ing elements of various shapes and sizes, and starting with a hot 
furnace, we have been able to melt and pour a 170-lb. charge of 
tool steel.in 1 hour 3 minutes with an energy consumption at the 
motor terminals of 835 kw.-hrs. per ton of charge and 883 kw.-hrs. 
per ton of ingots. Ordinarily, such melting requires from 1 hour 
15 minutes to 1 hour 30 minutes, and the energy consumption is 
975 kw.-hrs. per ton of charge and 1000 kw.-hrs. per ton of ingot. 

53. In connection with these figures, it should be remembered 
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Fig. 5—EFFEcT OF STIRRING ON SLAG. 


that they are for a 150-lb. furnace and a very satisfactory type of 
serap. 

54. Temperature measurements by means of optical pyro- 
meters have not proved satisfactory, so that we usually resort to 
the ‘‘rod test,’’ which is crude but quite effective. We thrust a 
3/16-in. iron welding rod into the melt and note the speed at which 
it melts. When the temperature appears to be correct, we count 
the seconds required to melt it to a certain shape, usually with the 
power on, although it may be done as easily with the power off if 
the rod is stirred slightly and allowances made for the difference 
between rapid stirring and quiescence. This method has served 
quite satisfactorily, and we have been able to duplicate results 
quite readily. 

55. In order to eliminate the considerable deoxidation which 
we found necessary at first, and also to make possible some re- 
fining action, we tried using slags over our melts. However, the 
slag tended to be carried away from the center by the circulation 
of the metal, so that a continuous slag cover could be maintained 
only with difficulty. (See Fig. 5.) 

56. Increasing the amount of slag was only partially success- 
ful, because so much material had to be added to keep the melt 
covered that its removal before pouring was quite difficult. Fur- 
thermore, the upper surface of the slag tended to solidify when 
such a large amount was used, and so increased the difficulties of 
handling. 

57. Reducing the stirring by reducing the power input or by 
raising the upper surface of the melt with respect to the coil, 
either by adding an excess of metal or by raising the crucible, was 
not successful. When the stirring in the upper part of the melt 
had been reduced sufficiently to avoid carrying away the slag, the 
input to the upper part was insufficient to keep it molten. A rim 
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of metal froze around the crucible so that the slag had little op- 
portunity to react with the metal. Rapid solidification occurred 
when the power was entirely cut off, due to heat loss through the 
thin refractory to the water cooled coi!, so that such procedure was 
impossible. 

58. We have concluded that within the combination of our 
frequency and crucible diameter (7. e., 960 cycles and 8 inches, 
respectively), we cannot reduce the power input at the top by an 
amount sufficient to make the stirring satisfactory without danger 
of solidification occurring there. At present a further investiga- 
tion regarding this is being made. 

59. One of the things which we desired to do was to hold a 
melt under a lime slag in a deoxidized condition to allow the 
elimination of sulphur. In attempting this we added a large 
amount of slagging material and stirred it well with a small iron 
rod to prevent uncovering the center of the melt and the solidifi- 
cation mentioned previously. By overheating the melt consider- 
ably, sufficient time for the removal of the large amount of slag 
was allowed while the melt cooled to the pouring temperature. 

60. Only with the greatest care were we able to obtain and 
maintain a white slag for any length of time (10 minutes or so), 
and then only by means of a somewhat dubious expedient, as out- 
lined below. 

61. The melt was slagged with a 50-50 mixture by weight of 
lime and alumina, to which powdered aluminum was added from 
time to time (quite a considerable amount altogether), each alumi- 
num addition being covered with some of the lime-alumina mix- 
ture and a hydrogen atmosphere being maintained over the whole. 
Whether the difficulty was due to oxides which the melt absorbed 
from the crucible, or to oxide already in the melt from the raw 
material ‘and the oxidation which occurred during the melting 
down, or to the relatively small amount of slag, has not been 
determined. 

62. The procedure was hardly satisfactory because it resulted 
in ingots with high aluminum content and because it took a great 
deal of time. In addition, it brought little improvement in the 
steel. Because of the difficulties attending slagging operations in 
our furnaces, they were discarded in favor of rapid melting of 
selected scrap. 

63. In addition to our regular melting operations, we have 
used our equipment for a variety of special work. We produced 
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very pure iron by melting a charge of Armco iron under hydrogen 
and then bubbling hydrogen through the molten metal for about 
20 minutes. Pouring was carried out under hydrogen also. Al- 
though the analysis of this ingot (carbon 0.01, manganese 0.009, 
phosphorus and sulphur very slight trace, silicon a trace) was not 
especially noteworthy, the magnetic properties were very good and 
indicative of a high degree of purity. 

64. By melting copper scrap under an atmosphere of hydro- 
gen, superheating it for a time, and pouring it into a mold at the 
right temperature, we have been able to pour good quality ingots 
of oxygen-free copper, having conductivities of as high as 102.6 
per cent. (A.S.T.M. standard is 98.5 per cent.) 

65. Using graphite containers packed in powdered graphite, 
we have been able to reach and maintain high temperatures 
throughout a relatively large volume. A temperature of 2000 
degs. Cent. can be reached in about 30 minutes, and 2200 to 2500 
degs. Cent. in a somewhat longer time. These temperatures may 
be held for several hours without difficulty. 

66. Occasionally we use induction heating for relieving 
strains in partially completed spinnings. This requires only 2 to 
7 minutes and enables subsequent spinning operations to be car- 
ried out without delay. For certain types of laboratory annealing 
of magnetic materials, this type of heating also offers advantages. 

67. Induction heating has proved far superior to other means 
in the assembly of large vacuum tube parts. These are made of 
copper and silver soldered together at a temperature of 775 degs. 
Cent. The use of torches was unsatisfactory because of physical 
discomfort, excessive oxidation, and the time required. By placing 
the parts in a spring-tightened jig made of asbestos board and 
small brass rods, and placing the whole in a glass bell jar which 
could be evacuated, we performed the operation without the diffi- 
culties previously experienced. Due to the fragility of the glass 
seals, 15 to 20 minutes was required for the operation, which 
otherwise could have been performed in about 5 minutes. 


Conclusion 


68. In conclusion, a word as to the general qualifications of 
such a furnace for laboratory work. We have found that by its 
use, steels of widely varying analyses can be produced in sufficient 
quantities to allow adequate testing. 

69. Ingots can be produced upon short notice, 1 to 2 hours 
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if necessary. Analysis can be controlled with accuracy. The bath 
temperature can be raised or lowered quickly to suit conditions, 
since the heat is generated within the charge itself and the amount 
of refractory is small. The atmosphere over the melt may be con- 
trolled with little difficulty. In short, most of the variables are 
easily controlled. 

70. Finally, since two men can pour 400 to 600 lbs. of steel 
per day, small production requirements of special alloys or special 
castings may be adequately met. 








A Practical Foundry Test on the Effect of 
Phosphorus, Aluminum and Silicon 


on Leaded Bronze 


3y Harowp J. Roast,* F.C.S., F.C.1.C., M.E.LC., 
MontTreaL, P.Q., CANADA 


Abstract 


To determine the effects of small quantities of phosphorus, 
aluminum and silicon on the fracture and outward appear- 
ance of leaded bronze castings, erperiments were run on scrap 
metal and virgin metal mixtures. The scrap metal was poured 
into journal bearings, and the virgin metal into large locomo- 
tive drivers. Various pouring temperatures and percentages 
of additions were tried out. Conditions of the resulting cast- 
ings were compared. Test data convinced the investigators 
that aluminum and silicon must be kept out of the mixtures 
used to give best results. 


1. The object of the investigation described in this paper 
was to find out the effect of small quantities of phosphorus, alu- 
minum and silicon on the fracture and outward appearance of 
leaded bronze castings. The reason for the interest in this matter 
was the fact that a brass foundry making castings of leaded bronze 
from customers’ scrap found that some of these were unsatisfac- 
tory as to their general appearance and fracture. The castings 
contained from 7 to 8 per cent tin, 21 to 15 per cent lead, and 
about 2 per cent zine, the balance being copper. 

2. In view of the frequent use of phosphorus, aluminum 
and silicon in special bronzes, it seemed possible that these ele- 
ments might be present in the scrap used. It was decided, there- 
fore, to make an investigation into the effect of these elements on 
the castings produced. 





* Lecturer, Department of Metallurgy, McGill University. 


Note: This paper was presented and discussed before one of the nonferrous 
sessions at the 1933 Convention of American Foundrymen’s Association. 
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3. It is known that the general appearance and fracture of 
a bronze casting is affected not only by its composition but also 
by the size and shape of the castings, the temperature at which it 
is cast, and by other details of foundry practice. Consequently, it 
was thought best to conduct the tests under regular foundry con- 
ditions rather than those which might seem more scientifically 
satisfactory in the testing laboratory. 

4. Whether this increases or decreases the value of the in- 
vestigation will depend largely on the point of view of the indi- 
vidual. The writer is intimately acquainted with both lines of 
investigation and believes that the ideal way of looking for the 
solution of any foundry problem is the happy combination of 
high-class scientific research and practical foundry experience. 


EXPERIMENT No. 1—JouRNAL BEARING CASTINGS 
Group 1 (Castings 1-8, INcLUS.) 
Base Metal Used for Tests. 
5. The tests on journal bearings were started by making up 


a heat of bronze as follows: 
Lbs. Per Cent. 





Clean cabbaged copper wire............ 245 70 
I Civ acnvcghnyd.ch cone wowe anus 21 6 
ee re eee ee 734% 21 
MNO bites cwekeednscgecmmenertl 10% 3 

An. ole 4x NG ae Slaw a ee 350 100 


Melting Practice for Base Metal. 

6. A new plumbago crucible was put in a crucible pit fur- 
nace fired with city gas. When the crucible was at a good red 
heat, a smali shovel of crushed charcoal was thrown in and the 
copper added, then more chareoal placed on top. When the copper 
had melted and was superheated to about 2200 degs. Fahr., the 
lead was added, followed by the zine and, lastly, the tin. The 
crucible was kept covered with charcoal and the temperature 
brought to 2300 degs. Fahr., when the crucible was removed from 
the furnace, the metal stirred well, allowed to cool to 2200 degs. 
Fahr., stirred again, and the metal poured into molds of 5x9 
A.R.A. journal bearings (Castings Nos. 1 and 2). 

7. These and all later castings made were numbered from 
1 to 34, each number denoting some difference either of tempera- 
ture of pouring or composition, or both. 
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8. The remainder of the metal was divided by pouring half 
into another hot pot. The two pots then were put back in the 
furnace and 1 Ib. of phosphor copper (phosphorus content 15 per 
cent) added to one pot, 34 lb. aluminum to the other. The two 
pots were brought up to 2300 degs. Fahr. 

9. Half the phosphor alloy was poured at 2200 degs. Fahr. 
(No. 3) and half at 1900 degs. Fahr. (No.4) Half the aluminum 
alloy was poured at 2200 degs. Fahr. (No. 5) and the other halt 
at 1900 degs. Fahr. (No. 6) Another original heat of 350 lbs. of 
journal metal made up as in the first instance was cast at 2200 
degs. Fahr. and gave normal castings (no number was given this 
casting). 

10. To the remainder, after casting the test journal bearings, 
21% lbs. of silicon copper (10 per cent silicon) was added, and the 
metal cast at 2200 degs. Fahr. (No. 7) and at 1900 degs. Fahr. 
(No. 8) as 


Table 1 
ANALYSIS OF FLOCCULENT POWDER OBTAINED IN PoURING JOURNAL BEARING 
METAL WITH SILICON ADDED 





Per Cent. 
EE Se Dalek ac ab ate se) was MEG ADS Oak 15006 S OER CRIS 18.65 
Saale ANE i pass one nies waxes itt eaeese Set 8.69 
NO oo 0d dna fk here bis Ow APS e ss 4 NEON 1.42 
EE SRS aD a ca d-dd-oe > dame alk ae ce hole eg eae one ieae 60.30 
ee A NE 6 6 is ri wderlocasineee ies smcesicwes 10.94 

100.00 


11. When the metal came to be poured after the addition of 
silicon, no difference in the surface of the molten metal was dis- 
cernible; but on pouring into the mold both at 2200 and at 1900 
degs. Fahr., a very peculiar light greenish-grayish-whitish powder 
swirled up in the gate and finally settled around the edge of the 
gate. This is the most characteristic reaction obtained so far, as 
neither phosphorus nor aluminum produced it. 

12. This floceulent powder was found to contain fine glob- 
ules of copper-colored metal mixed with a whitish powder. The 
weight of the sample obtained was 0.3964 gram, from which was 
obtained 0.2384 gram of metal as referred to above. This left 
0.1580 gram as the true weight of the fluffy powder, which was ' 
analyzed with the results shown in Table 1. From this analysis 
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the extreme effect of silicon can be appreciated, oxide and silicate 
of zine being produced. 


SumMMaryY OF ExPERIMENT No. 1 
Group 1 (Castings 1-8, INCLUS.) 

13. Returning to the heat of metal, we have castings of four 
compositions, Nos. 1 and 2 the original heat, 3 and 4 original metal 
plus phosphorus, 5 and 6 orginal metal plus aluminum, and 7 and 
8 original metal plus silicon, all cast at 2200 degs. Fahr. and 1900 
degs Fahr., respectively. 


Surface Appearance. 

14. Castings Nos. 1 and 2 had the regular appearance of 
sand-cast journal bearings. There were a few small holes on the 
back due to a slight wash of sand in the mold, but not more than 
is customary for a good casting. The color of the surface was 
brownish red, with no sign of a leady color. 

15. Casting No. 3—Rich reddish-golden surface, somewhat 
inclined to gray where sand adhered, but otherwise the same as 
Nos. 1 and 2. 

16. Casting No. 4—Extremely glorified reddish-golden sur- 
face, otherwise the same as No. 3. 

17. Casting No. 5—The whole surface of the bearing was 
silvery white, and at some places the top was wrinkled. 

18. Casting No. 6—Same as No. 5. 

19. Casting No. 7—The surface of the casting was completely 
covered with a white powder that adhered sufficiently to come off 
in flakes. On brushing off the surface, it was found to be deeply 
corroded, having a worm-eaten structure. After standing two 
days the cleaned surface turned distinctly green. 

20. Casting No. 8—Surface similar to No. 7. 


Appearance of Fracture. 

21. Casting No. 1—Broken rather warm. Had a golden 
color more inclined to yellow, possibly due to having been frac- 
tured while warm. Showed usual chill line of gray and also a 
uniform fine crystalline fracture in general without any dendritic 
erystals. 

22. Casting No. 2—Broken when cold. This gave the usual 
chill line, with grayish color for general fracture, devoid of den- 
drites and free from uneven color. 

23. Casting No. 3—The gray chill effect was greater than 
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in Nos. 1 and 2. In the center, both as to length and cross-sec- 
tion, a golden streak developed indicating incipient intercrystal- 
line shrinkage. Some of these bearings had only golden spots 
without the suggestion of separation. 

24. Casting No. 4—The general fracture was of a gray color, 
except in the center where for about two inches the extreme 
golden-colored area existed. This colored area was homogeneous, 
not intermixed with gray crystals, and there was no sign of a 
dendritic structure running at right angles to the length of the 
bearing. 

25. Casting No. 5—The fracture showed a much greater 
depth of chill than the original metal (Nos. 1 and 2), and the 
usual leady color. Down the center was a lemon-colored area 
entirely different from the fracture with phosphorus in Nos. 3 
and 4. The erystals seemed only loosely held together, although 
not showing the actual presence of dendrites to the naked eye. 

26. Casting No. 6—The lemon-yellow colored area’ started 
more closely from the inner surface and ran almost the whole 
length as well as across the whole width of the journal, and showed 
practically complete shrinkage detachment between the yellow 
portion and the grayer area due to chill. In other words, there 
was exaggerated intererystalline shrinkage, but still none of the 
dendritic structure running at right angles to the cross-section 
was evident. 

27. Casting No. 7—Fracture showed a fine mixture of gold- 
en-colored crystals interspersed with gray and some dirty brown. 
The center of the journal had a concentrated dark area about two 
inches long. 

28. Casting No. 8—Similar to No. 7. 


EXPERIMENT No. 1, Group 2 (Castines 9, 10, 11 AND 12) 

29. Continuing the experiments, the phosphorus metal was 
divided into two parts and equal quantities of aluminum and sili- 
con metal added, respectively. The phosphorus-aluminum metal 
was cast into journal molds at 2150 degs. Fahr. (No. 9) and at 
1900 degs. Fahr. (No. 10) The phosphorus-silicon metal was 
cast into similar molds at 2200 degs. Fahr. (No. 11) and at 1900 
degs. Fahr. (No. 12) 


Surface Appearance. 


30. Casting No. 9—Rather bluish-reddish color, tending to 
silvery. No wrinkles. 
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31. Casting No. 10—Similar to No. 9. 

32. Casting No. 11—Evidence of white deposit or incrusta- 
tion but not quite so pronounced as for silicon alone (some silicon 
probably burnt out). No worm pits. 

33. Casting No. 12—Similar to No. 11. 


EXPERIMENT No. 1, Group 3 (Castines 13 AND 14) 


34. Continuing the experiments, equal parts of the phos- 
phorus-aluminum and phosphorus-silicon metals were melted to- 
gether and cast at 2200 degs. Fahr. (No. 13) and at 1900 degs. 
Fahr. (No. 14) 


Surface Appearance. 
35. Both castings Nos. 13 and 14 were silvery in color, with 
no worm holes. 


Fracture Appearance. 

36. Casting No. 13 had a few golden areas, but otherwise the 
fracture was normal. There was no discolored area usually at- 
tributed to ‘‘steam flash.’’ 


Discussion OF RESULTS oF ExpERIMENT No. 1 


37. Taking the whole of these experiments into considera- 
tion, in which phosphorus at 0.08 per cent, aluminum at 0.49 per 
cent and silicon at 0.08 per cent were added to the journal metal, 
the indications are as follows: 

(a) That phosphorus alone is the least inimical 
to good surface appearance and good fracture of the 
casting. 

(b) That aluminum affects the outside of the 
journal casting, producing a silvery-white color, and 
tends to spoil the fracture especially at the higher 
casting temperature. 

(ec) That phosphorus and aluminum are worse 
than aluminum alone. 

(d) That silicon, or phosphorus and silicon, both 
destroy the surface of the casting as well as color the 
surface dead white, but do not affect the fracture to 
the same extent. 

(e) That continued remelting will largely elimi- 
nate phosphorus and silicon, and to some extent alu- 
minum also. 
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ExpertMeNT No. 2—CueEck Tests ON JOURNAL BEARINGS 
WITH SMALLER PERCENTAGES OF P, AL AND SI 
(Castines 15-20, Incuus.) 

38. Following upon the foregoing work, it was thought well 
to repeat the tests using only 0.05 per cent phosphorus, aluminum 
and silicon, and so not only check the first findings but also see 
whether smaller amounts would still give definite reactions. To 
this end, 350 lbs. of synthetic journal metal was made up and 
journal bearings cast at 2300 degs. Fahr. (No. 15), the balance 
being cast at 1900 degs. Fahr. (No. 16) 

39. Casting No. 15—The surface appearance in general was 
satisfactory. 

40. The fracture, however, was not gray but light golden 
and showed a line of actual separation somewhat near the upper 
surface of the fracture running longitudinally for two-thirds of 
the length of the bearing. This evidently is due to the fact that 
the chilled portion of the outside of the casting is stronger; in 
the tearing and shock effect of the hammer blow, the weaker large 
dendritic formation is separated from it. These dendrites do not 
appear to be at right angles to the length of the fracture (as is 
said to be characteristic of the silicon fracture), but in the inside 
of the fracture large dendrites appear which would be very diffi- 
cult to distinguish from those due to silicon. 

41. The moral is that good metal, free from phosphorus, 
aluminum and silicon, if poured at a sufficiently high temperature, 
will give a fracture that is in the main golden-colored and has 
no steam flash but will separate under shock, and will give evi- 
dence of dendritic structure very similar to that produced by 
silicon. 

42. Casting No. 16—The surface appearance of these castings 
was quite satisfactory. The fracture was gray throughout, free 
from any sign of separation, and contained no golden areas and 
no evidence of steam flash, brown or otherwise. This emphasizes 
the importance of temperature in making castings. 

43. One-third of the original alloy was then taken and an 
amount of phosphor-copper equivalent to 0.05 per cent phosphorus 
was added and journals cast at 2200 degs. Fahr. (No. 17) and at 
1900 degs. Fahr. (No. 18) The fractures in both cases were of a 
gray color with little golden crystals interspersed, but there were 
no large central areas and no steam flash. 

44. To another one-third of the original metal an amount 
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of silicon-copper equivalent to 0.05 per cent silicon was added. 
The first castings were made at 2200 degs. Fahr. (No. 19) and the 
others at 1900 degs. Fahr. (No. 20) As in the case of 0.08 per cent 
silicon, a light fluffy material showed up in the gate; on shaking 
out, the characteristic white zine oxide covered the whole bearing, 
and a very pronounced worm-eaten structure was on the surface. 
The fractures in both cases were passable and were similar in ap- 
pearance to those obtained when the larger amount of silicon was 
added, although to a lesser degree. 

45. From this second experiment it is evident that phos- 
phorus up to 0.05 per cent may not give any trouble, although it 
is the writer’s opinion that it is better kept around 0.02 per cent. 
It is evident that 0.05 per cent aluminum is absolutely detrimental 
to the appearance of the casting and dangerous as to the fracture, 
and that the same may be said of 0.05 per cent silicon. These 
conclusions are based on journal metal of the composition stated. 
The same additions to alloys of different composition might well 
have different results. 


EXPERIMENT No. 3-—LArRGE LOCOMOTIVE DRIVER 


46. With the results of the previous experiments in mind, a 
similar line of investigation was undertaken on the effects of tem- 
perature and of additions of 0.05 per cent phosphorus, aluminum 
and silicon, using metal of the following composition: 


Lbs. Per Cent. 





SS Te eee ee 26214 75 
EDL 6 ow sc cesn' dcae wbee eae ee 28 8 
EE SN ns bese cntenu hd oie Rede tere 521% 15 
SEE puntata pir Ce 7 2 

4 oa Go aaes ecient cake 350 100 


47. In place of the A.R.A. journal pattern, a pattern for a 
large locomotive driver, cast weight 300 lbs., was used. 


Melting Practice for Base Metal. 

48. The same melting procedure was followed as in the other 
heats, one driver being cast at 2100 degs. Fahr. (No. 23), the other 
at 1900 degs. Fahr. (No. 24) These were left in the sand one hour, 
then removed, the sand brushed off, and cooled for another hour 
on the floor. They then were put outside for one hour, where the 
temperature was 32 degs. Fahr., and then broken. 

49. These castings were uncomfortably warm to the hand, 
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but there was no evidence of oxidation of the fracture. No. 23 
had a well-defined chill to a depth of 4% to 14 inch, and a uniform 
cross-section for the remainder consisting of light golden crystals 
intermixed with leady-colored crystals. There was absolutely no 
sign of intercrystalline shrinkage or longitudinal separation of 
dendrites. Strain fins showed in three or four places, but there 
was no actual swelling of the casting. Casting No. 24 had a similar 
appearance to No. 23, except that the proportion of golden crystals 
was less. The casting showed no sign of shrinkage. 


Addition of 0.05 Per Cent Phosphorus. 

50. These castings and gates were put back in the pot and 
heated to 2200 degs. Fahr. and 0.05 per cent phosphorus added as 
15 per cent phosphor-copper. Similar castings were made at 2100 
degs. Fahr. (No. 25) and at 1900 degs. Fahr. (No. 26) 

51. Little difference, if any, was noticeable in the color of 
the fractures as compared with Nos. 23 and 24 made from virgin 
metal, except that No. 25 ate a little more into the sand, although 
only slightly so. There was no tendency for the castings to swell 
out at the base; nor any sign of shrinkage on the surface of the 
casting. In other words, the 0.05 per cent phosphorus or less 
(some may have been used up in deoxidizing) is not a critical 
matter in the making of drivers. 


Check on Casting Temperature Effects. 

52. Two more pots of original metal were made up of the 
same composition as before. One was brought to 2400 degs. Fahr. 
This pot was in the furnace for one hour after it had reached a 
temperature of approximately 2200 degs. Fahr. It had been cov- 
ered with charcoal most of the time, but at the last the charcoal 
had burned off. 

53. The same engine driver pattern was used and the first 
mold cast at 2350 degs. Fahr. (No. 27) On removal from the 
sand, this casting showed some strain fins but no swelling and no 
shrinkage. The fracture was satisfactory, the usual chill of 4 
inch or so was noticeable, and the general fracture was that of 
light yellow crystals with a few leady-colored crystals intermixed. 
Very fine holes were evident, generally distributed. There were 
no dendrites and no sign of incipient shrinkage. 

54. The second mold was east at 1900 degs. Fahr. (No. 28) 
This casting was free from strain fins and showed no sign of 
general shrinkage. The general fracture looked very similar to 
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that of No. 27, except that it was more leady in color; there were 
very few gas holes, and those very minute. Both Nos. 27 and 28 
would be considered entirely satisfactory castings. 

55. The second pot was brought up to 2350 degs. Fahr. and 
east at 2300 degs. Fahr. for the first mold (No. 29), and at 1900 
degs. Fahr. for the second mold (No. 30). Both castings were 
similar to Nos. 27 and 28 as to appearance and fracture, except 
that No. 29 showed a slight indication of incipient orange spots 
in the fracture, but no separation or dendrites. 


Addition of 0.05 Per Cent Aluminum. 


56. These four castings were then put back into their re- 
spective pots, making two pots in all. The metal was brought up 
to 2300 degs. Fahr.; 0.05 per cent aluminum was added to one 
and the mold east at 2300 degs. Fahr. (No. 31), and the other 
mold cast at 1900 degs. Fahr. (No. 32) 

57. Casting No. 31 showed no sign of silvery white on the 
surface, and no sign of shrinkage in the easting itself. Strain fins 
were very evident, due probably to the high temperature of casting 
and possibly to slightly lighter ramming of the sand. The frac- 
ture, however, was very unsatisfactory, showing in color from dull 
red to dull brown. Large areas of dendrites loosely held together 
were evident to the naked eye, being 4% inch long. There alsv 
was a pale golden-colored area having a smooth surface. 

58. Casting No. 32 showed no sign of silvery-white appear- 
ance on the surface, and no strain fins: The fracture showed sev- 
eral shrinkage holes having a smooth golden-colored surface. The 
longitudinal fracture contained a bad area in the center where the 
color was golden to reddish brown, with distinct shrinkage separa- 
tion to a length of about two inches. 


Addition of 0.05 Per Cent Silicon. 


59. The metal remaining in the pot was brought to 2300 
degs. Fahr. and 0.05 per cent silicon added in the form of 10 per 
cent silicon-copper. The first mold was cast at 2200 degs. Fahr. 
(No. 33) and the second at 1900 degs. Fahr. (No. 34) 

60. Casting No. 33 showed a dead-white surface on the length 
of the gate all around, and the casting had a good many strain fins 
but no worm-like corrosion. The fracture showed considerable 
intererystalline shrinkage and a tendency to separation for a 
length of about two inches. There was a dark orange spot along 
the center line of the casting. The usual chilled border was in 
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evidence with dendritic crystals running at right angles to the 
fracture from the chilled area toward the top of the casting for 
about one-half inch. 

61. Only one fracture showed the foregoing, the remaining 
pieces giving no evidence of such columnar dendritic structure. 
The fracture in general was of light yellowish color, with fine gas 
holes and one or two large shrinkage holes. 

62. Casting No. 34 showed the characteristic white appear- 
ance on the surface, with very heavy worm-like corrosion especially 
in two or three large areas. There were no strain fins and no 
general shrinkage in the casting itself. The fracture of two pieces 
was quite normal, but one piece showed a fracture having a segre- 
gated area of light yellow crystals in the center. There was no 
sign of actual separation. 

GENERAL CONCLUSIONS 

63. To sum up, the addition of 0.05 per cent phosphorus to 
metal used for engine drivers gave no evidence of trouble as to 
surface appearance or fracture when cast at high or low tempera- 
tures, although the lower temperature did have a closer fracture, 
as would be expected. At the high temperature, however, the 
metal did not eat into the sand, although there were a few strain 
fins. 

64. The addition of 0.05 per cent silicon to the same metal 
gave evidence of sericus defects at both high and low temperatures. 

65. The addition of 0.05 per cent aluminum gave no evidence 
of its presence on the surface of the casting but showed clearly in 
the fracture, giving serious dendritic structure at the high tem- 
perature and still more internal shrinkage separation at the low 
temperature. 

66. It is interesting to note the difference in the action of 
the additions to the two alloys used. 

Phosphorus. The addition of not more than 0.05 
per cent phosphorus is not injurious to either alloy, but 
there is greater need to keep the casting temperature 
as low as practicable. 

Aluminum. The addition of 0.05 per cent alumi- 
num to the journal bearing alloy produced a silvery- 
white surface, but the same amount added to the engine 
driver metal gave no evidence of such color on the 
surface. In both alloys, however, the aluminum spoiled 
the fracture. 
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Silicon. The addition of 0.05 per cent silicon was 
evident in both alloys as producing a white surface, but 
in the case of the engine driver metal the low-tempera- 
ature castings showed no trouble in the fracture, and 
the high temperature no corrosion pits. 

67. The result of the tests of the 34 castings examined has 
convinced the foundry that aluminum and silicon must be kept 
out of these particular alloys, at least when satisfactory castings 
of the type indicated are to be made. With the advent of silicon 
bronzes and the increased use of aluminum alloys in many brass 
foundries, the difficulty of preventing an admixture of the harmful 
elements is considerable. 

68. The author again wishes to emphasize the point that this 
investigation was intentionally confined to foundry operations. If 
it is of any assistance to any foundry superintendents or foremen 
as showing a general plan of attack on some foundry problems, 
the work done will have been worth recording. 


DISCUSSION 


H. J. Roasr: The real purpose of this paper lies in the first four 
words: “A Practical Foundry Test.” It is addressed primarily to those 
superintendents and foremen of nonferrous foundries who from time 
to time find themselves faced with the problem of rejected castings after 
they have done all they know how to obtain satisfactory castings. 

MemBerR: Would the author explain his reasons for arriving at the 
conclusion, in the last sentence of paragraph 12, that this particular 
powder was oxide and silicate of zinc? 

H. J. Roast: In that connection, I think I stand open to criticism, 
in that I did not pursue the chemical work to the point of being able 
to make a positive statement. I believe it is very likely that oxide and 
silicate were produced. The only thing I will absolutely vouch for is the 
elementary portion of the analysis, the silica being present to the extent 
named and the lead and zine being there in the respective amounts given. 

H. M. St. Jonn:* A number of years ago, three of us had a paper 
before the American Institute of Metals on somewhat this same subject, 


* Detroit Lubricator Co., Detroit. 
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and, although working with quite a different alloy, Mr. Roast’s results 
agree reasonably well with our own. There is one difference that I would 
like to point out, however, because it probably is of interest to practical 
foundrymen. Mr. Roast noticed that the effect of silicon in connection 
with these particular alloys is less pronounced on the structure than is 
the effect of the aluminum. That, I believe, is true in such a case as 
this, where the percentage of zinc is very low. With a higher percentage 
of zinc, the effect of silicon on the structure becomes more and more 
pronounced until, at somewhere around 10 per cent zinc, it is hard to 
tell the difference between silicon and aluminum, so far as the structure 
is concerned. 

One other point I think should be remembered, namely, that the 
percentages of impurities given by Mr. Roast are those added. The amount 
of impurity left in the finished metal will depend on melting conditions, 
because all of these impurities are very readily oxidizable and more or 
less of them will be present in the finished metal, according to the degree 
of oxidation which can take place in the melting atmosphere. 

Melting them as Mr. Roast did, in a crucible, well protected with 
charcoal, there is no very strong oxidizing condition. The condition is 
much more oxidizing in the case of the rocking-type electric furnace, in 
which our own experiments were carried out. Thus, by adding a small 
percentage of impurity, in our case we undoubtedly had more left in 
the finished metal than was the case with Mr. Roast’s experiment, and 
the effects were a little more pronounced than those which have been 
described by the author. 

G. H. CLramMer:* A number of years ago we were extensively engaged 
in that same line of manufacture, namely, railway bearings; we discon- 
tinued our foundry operations in that line seven or eight years ago, [ 
believe. Prior to that time, the newer alloys containing silicon and 
aluminum had not yet appeared in the scrap to any considerable degree, 
and it was only very rarely that we would find a heat containing silicon 
or aluminum. 

As Mr. Roast has pointed out, it is a very easy matter to identify 
these impurities by the appearance of the castings. About the time we 
quit that line, however, the scrap was becoming more and more con- 
taminated and we had about reached the conclusion that if we were to 
continue in manufacturing that line, it would be necessary to do our 
melting in a hearth furnace having a distinctly oxidizing atmosphere, 
in that way very easily getting rid of these two readily oxidizable metals. 

The presence of phosphorus was always troublesome, of course; 
there was more or less phosphor-bronze gettng into the scrap. The trouble 
was particularly acute when we had combinations of zinc and phosphorus. 
The A.R.A. specifications and also the A.S.T.M. specifications of seven 
or eight years ago restricted the zine content to such a degree that it 
was necessary, in order to meet the specifications, to use a fairly large 
percentage of new metal (I am referring now to engine castings) or to 
conduct a refining operation in order to reduce the zine content below 
the maximum allowance in the specifications. 


* Ajax Metal Co., Philadelphia. 
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That also pointed the way to the use of the reverberatory type of 
furnace, or a furnace in which that element could be reduced. However, 
it was overcome in another way, namely, by making the specifications 
less rigid so far as the zinc was concerned; a higher zine content was 
permitted. This change in specifications resulted from a conference be- 
tween the railway representatives and the manufacturers, which I or- 
ganized some time after the war. Such zine content is beneficial in the 
production of castings and it permits of a wider use of scrap. 

I note that Mr. Roast used an alloy containing about 2 per cent 
zinc; that alloy is practically within the specifications to which I re- 
ferred. In those days, when we had a heat showing aluminum or silicon, 
it was necessary to discard it. Of course, as Mr. Roast has stated, the 
appearance of castings from such heats was entirely different from those 
of heats that did not contain those elements, and they would be rejected 
by the railway inspector if not rejected by the manufacturer. It is a 
very simple matter indeed to get rid of them, and I do not believe that 
the bearing manufacturers today experience any trouble whatever from 
that source. 

MemMBER: Has the author tried to machine any of those silvery- 
colored skin castings, and has he noticed any increase in hardness or 
difficulty of machining? 

H. J. Roast: We did not machine any of the castings. They would 
ordinarily have been machined and we probably would have had trouble. 
I think it is very unlikely that in the machining of them you would not 
get trouble with your tools, but we did not make that test. We were 
dealing with the question of surface appearance as passed upon by the 
inspector. 

Mention has been made of the higher zinc, by Mr. St. John, and of 
the silicon giving more trouble—with which, of course, I quite agree. 

In the matter of loss of deoxidation, there is, in the paper, reference 
to the fact of probable loss due to oxidation and, to my way of thinking, 
that rather enhances what little value there may be to the experiment, 
because at least we did not have more than 0.05 per cent and, in all 
probability, may easily have had only half of that amount. Let us say, 
therefore, for argument’s sake, that 0.02 per cent was absolutely inimical 
to the final casting. 

Mr. Clamer has spoken of the need of an oxidizing atmosphere and 
of the use of the reverberutory furnace. We had a similar experience 
in our own business, in that we were getting worse scrap and wanted 
to refine it, but we did not want to refine it at our own expense. There 
was very little leeway in the railway business, at best, and we made 
very distinct attempts to get the railway to enter into the spirit of 
refining and unifying all their metal, which I am still convinced is the 
best thing and which eventually some railways, at least, will have to do. 

Our experience, unfortunately, was not the same as Mr. Clamer’s. 
As I understand it, he was able to get a lowered specification with the 
deterioration of the scrap. Unfortunately, in Canada it followed the 
reverse process—as the scrap got worse, the specifications became more 
rigid, which was not so nice. 

In regard to having no trouble, we still do—and when I say “we, 


” 
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I am speaking of more than one manufacturer in Canada; we still have 
trcuble because of those two facts—on the one hand, that the scrap 
is not improving (one can hardly expect it to improve, with the new 
additions of alloys in scrap coming from various sources), and, on the 
other hand, that we are not getting a decrease, but rather, an increase 
in the requirements of the specifications. Apparently there is not suf- 
ficient margin from the commercial point of view to treat this metal on 
a reverberatory basis. There, again, possibly the condition is different 
from that in the United States because our quantities are smaller. It 
may be that you can refine your metal in the reverberatory furnace under 
the same price conditions as hold for the ordinary method. That is not 
true with us in Canada. 


G. H. CLramer: I would like to mention, in connection with Mr. 
Roast’s statement, that I hed no idea in mind of a double operation, 
namely, first of refining the metal and pigging it, and then remelting. 
The suggestion was to melt it directly in the reverberatory furnace and, 
if the metal was found to contain silicon and aluminum, to refine and 
then cast. As Mr. Roast has stated, the margin of profit is so small 
that it would not pay to conduct a double operation. 

The evidence has been distinctly in favor of these wider specifica- 
tions. Foundry troubles have been very largely reduced because of the 
higher zine content. I think there is very good evidence that the service 
rendered by such bearings is at least equal to that of bearings made to 
the closer specifications. 

H. J. Roast: I am entirely in agreement with Mr. Clamer. It is 
only our inability up to date to get as far as has Mr. Clamer that prevents 
us from doing so. 

CHAIRMAN Sam Tour:* We have recently had considerable experi- 
ence in the use of silicon brass, as it is becoming more and more common, 
where we have considerably more silicon and zine present than in the 
author's castings, and yet there is no indication of any such white powder 
or the formation of silicates of zinc. 

G. H. CLamMer: I should not expect it to be a zine silicate. So far 
as I know, we have never found any silicate. I should say that it is an 
oxide, entirely. 

CHAIRMAN SAM Tour: Of course, the old orthodox opinion was that 
it was all lead silicide. That may be all wrong, but I have always con- 
sidered it; in the past years it has been rather commonly considered that 
it was lead silicide. Yet it would not appear as a light fluffy powder if it 
were lead silicide. What it is, I do not know. 

In this particular connection, I might say that one convenient method 
of testing things of that nature is with the spectrograph. It will not tell 
whether this was lead silicide, possibly, unless one could pick out a 
particular crystal of it or a particular particle and test it spectro- 
graphically to find out the composition of that particular particle. I 
might also mention that the spectrograph might be a convenient method 
for determining these hundredths of a per cent of aluminum present, 
which is a rather mean determination normally in the laboratory. , 


* Lucius Pitkin, Inec., New York. 








DISCUSSION 97 


H. J. Roast: I do not question for a moment that the white powder 
has not been seen in the methods and alloys used by the Chairman and 
Mr. Clamer; but I am absolutely sure, as you would be had you been in 
the foundry, that in the case of the castings referred to, under the condi- 
tions named, there is no question at all about the white appearance, none 
about the lightness of the fluffy powder, and none about the analysis of 
it containing silica. 

I believe I can reasonably say that every precaution was taken to 
avoid getting in sand and silica from an outside source. I am quite open- 
minded on the subject of the composition of the silica—or the silicon, 
rather, which is its elemental form—and the other two elements; but for 
those of you who are in the foundry business and who think that they 
can carry silicon in such form without having the appearance as stated, 
I feel quite sure that the paper could be substantiated. 

You will have noticed for yourselves the difference between the ap- 
pearance of aluminum in the small casting, for instance, and in the large 
casting. Had we been dealing only with the large casting, we should 
have said: “No white effect.” The statement must be taken strictly 
within the limits described. 

H. M. Str. JonHn: In dealing with these alloys we always have a 
very complicated situation. Whether one gets zinc silicate or lead silicide, 
or in just what form the impurities are present, will depend a great deal 
not only on the nominal composition of the alloy but also on other im- 
purities which may be present. We found, for example, that the effect of 
silicon was greatly influenced by the presence of tin—how, we did not 
know. We did know, however, that if we used a straight copper-zinc-lead, 
while the silicon had a bad effect, its effect and appearance were quite 
different than when we had copper, tin, zine and lead. I am inclined to 
think, while I have no definite proof, that Mr. Roast is correct in as- 
suming that zine silicate is present in the case he mentions. 
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Abstract 


As available data are meager on the effects of melting 
temperatures on the structure and annealing rates of white 
iron to produce malleable castings, the authors conducted an 
investigation on effects of superheat to see if some means 
would be revealed for appreciably reducing the time neces- 
sary to produce malleable iron. Three groups of irons were 
investigated, the first consisting of specimens of standard 
foundry composition, the second and third being made in a 
rocking-arc electric furnace of a low carbon and low silicon 
type. Superheat temperatures ranged up to 2970 Degs. Falhr. 
for the commercial irons, and up to 3180 Degs. Fahr. for the 
electric furnace irons. Times necessary to malleableize were 
noted. A conclusion reached was that supcrheating should be 
of very practical interest, since superheating along with good 
furnace design are capable of reducing normal malleableizing 
cycles up to 50 per cent. 


1. The subject of malleabilization of white iron has received 
considerable attention in the last decade, and many attempts have 
been made to better understand the mechanism of graphitization 
and to develop a means of shortening the annealing cycle. In 
general, it can be stated that the annealing characteristics of an 
iron ean be varied by changing one or more of the following 
factors : 





* This paper is a portion of a thesis submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy in metallurgy at the Univer- 
sity of Michigan. 

** Professor of Metallurgical Engineering and Director of Department of Enzi- 
neering Research, University of Michigan. 

+ Research Engineer, Department of Engineering Research, University of 
Michigan. 

Note: This paper was presented and discussed before one of the malleable 
iron sessions at the 1933 Convention of the American Foundrymen’s Association. 
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(a) Raw materials. 

(b) Composition. 

(ec) Melting and casting conditions 
(d) Annealing conditions. 

2. To date, the subject of composition and the nature of the 
annealing cycle, furnace design and rate of cooling have been 
investigated rather extensively. The matter of raw materials is 
receiving serious attention in some of the large malleable iron 
foundries. 

3. It has been pointed out that the temperature of melting 
affects the structure of gray cast and the annealing rates of white 
east iron. The work of Tanimura’ is outstanding on gray irons. 
His results show that by increasing the amount of superheat, but 
with a constant pouring temperature, the graphite particles de- 
crease in size with accompanying increase in physical properties 
until a point is reached at which it is difficult to obtain purely 
pearlitic irons, since the graphite particles have a tendency to be 
surrounded by ferrite envelopes. 

4. The data on white irons, on the other hand, are not so 
complete, being often confused with the pouring temperature, and 
in some cases it is contradictory. In most cases no quantitative 
conclusions can be drawn. It was felt that a study of the effects 
of superheat on the annealing characteristics of malleable iron 
might reveal a means of appreciably reducing the time necessary 
to produce malleable irons. 


Description of Irons Studied 

5. Three groups of irons were investigated. The first was 
the standard composition of a large foundry and was prepared 
under production conditions at that plant. The composition was 
nominally 2.75 per cent carbon and 1.15 per cent silicon. The 
second and third sets were made in a Detroit Electric rocking 
furnace of the low carbon and high silicon type. One set con- 
tained 1.4 per cent carbon and 1.5 per cent silicon, the other 1.5 
per cent carbon and 1.7 per cent silicon. These were poured into 
standard test bars in sand molds. 


Commercial Iron 
6. A study was first made on commercial irons made at one 
of the large Midwestern malleable plants. The metal was that 
used in their regular production. 





1Tanimura, H., “Influences of Cooling Velocity and Melting Temperature on 
the Graphitization ‘of Cast Iron.” Memoirs, College of Engineering, Kyushu Im- 
perial University, Fukuoka, Japan, v. 6, no. 2, 1931. 
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Table 1 
ANALYSES OF COMMERCIAL IRONS 






































: 
Superheat, Carbon, Silicon, Manganese, Sulphur, Phosphorus, : 
Designation. degs. Fahr. per cent. per cent. per cent. per cent. per cent. j 
8-1 2970 2.80 1.19 0.36 0.095 0.08 : 
¢ 
S-2 2900 2.71 1.17 0.35 0.095 6.08 ; 
8-3 2750 2.71 1.18 0.35 0.095 0.08 ' 
Table 2 
MALLEABILIZATION OF COMMERCIAL IRONS 
Ne aiald Sas. dria pe ase Sabo hme eee o 8-1 $-2 $-3 
a 2970 2900 2750 / 
| 
Time to 1700 degs. Fahr., hrs............... 0.5 0.5 0.5 : 
Teme Gt i700 Gees. Wabr., HFS... ......0..c06 20.0 25.5 31.0 1st Stage : 
Time 1700 to 1400 degs. Fahr., hrs......... 4.0 4.0 4.0 | 
Time 1400 to 1325 degs. Fahr., hrs.......... 1.0 1.0 1.0 
Time at 1325 degs. Fahr., hrs............-.26.0 31.0 34.0 2nd Stage 
ME ODORS Hb ACO ARES Dé ee met enw ered 51.5 61.0 70.5 
7. The usual procedure at this plant is to melt in the cupola 
at about 2700 degs. Fahr., and to refine and superheat in a Pitts- 





burgh electric furnace at 2900 to 2925 degs. Fahr. In this investi- 
gation the process was so modified that for periods of time the 
production melts were superheated to 2750, 2900 and 2970 degs. 
Fahr., respectively. Temperatures in excess of 2970 degs. Fahr. 
could not be obtained at this plant because the refractories in the 
electric furnace were not suitable for the higher temperatures. 

8. In all cases the test-bar molds were placed in the pro- 
duction line and the bars were cast under conditions identical with 
their regular work. Pouring temperatures were close to 2750 degs 
Fahr. The analyses of the irons are given in Table 1. 

9. Annealing tests were conducted in a muffle type furnace 
the atmosphere of which was controlled by burning metered 





6 ane : ‘ CO 
quantities of gas and air, in order to give a ratio of aa = 0.40. 


This ratio was found to prevent sealing and decarburization, as 
was pointed out by the authors in a previous paper.” 

10. The time necessary to complete first-stage graphitization, 
that is, to decompose completely all the massive cementite, was de- 
termined by heating specimens of these irons for various lengths 
of time at 1700 degs. Fahr. and examining metallographically. 


2White, A. E., and Schneidewind, R., The Metallurgy of Malleable Iron. 
TRANSACTIONS, A.F.A. (1932), v. 40, pp. 88-116. 
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11. Second-stage graphitization was studied at 1325 degs. 
Fahr. Specimens were heated to equilibrium at 1700 degs. Fahr., 
eooled in 4 hours to 1400 degs. Fahr., then cooled to 1325 degs. 
Fahr. in one hour and held at this temperature for various lengths 
of time. The completeness of malleabilization was determined 








Fig. 1—PHOTOMICROGRAPHS OF IRON S-2. A: AS CAST; ETcHED IN 3% NITAL. 
X100. THis Structure Is REPRESENTATIVE OF THE THREE IRONS oF THIS 
Group. B: MALLEABLEIZED; ErcuHep In 3% Nitau. X100. Tats STRUCTURE 
Is REPRESENTATIVE OF THE THREE IRoNS OF THIS Group. GRAPHITE Par- 


TICLES Are Larcre, Dur to HigH CARBON CONTENT, 2.75 PER CENT. 
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Table 3 
PHYSICAL PROPERTIES OF IRONS 
Superheat, Tensile Strength, Yield Point, Elongation, 
Designation. degs. Fahr. lbs. per sq. in. Ibs. per sq. in. per cent. 
8-1 2970 49,450 46,150 14 
49,350 46,200 14 
49,900 46,400 14 
8-2 2900 49,700 46,200 12.5 
49,200 46,000 12.5 
48,400 45,900 12.5 
8-3 2750 48,900 40,600 12.5 
47,950 41,700 12.5 
50,000 38,800 18.75 
48,600 38,750 12.5 
Table 4 
MALLEABILIZATION OF ELECTRIC FURNACE IRONS 
I og Sees kX asia ck a OO abs WM Om wo aa oes E-2 E-5 
I I, NOD go iss eisccdis'ed g bcs ea 0c 3150 2865 
TIN so biiks.g So's; sae S% 6 we ws 04.68 00.0 9% 1.40 1.40 
I NE ans. SS ran dd.c 0's, 60K cdaseidecnies 1.56 1.54 
Time to 1700 degs. Fahr., hrs.................. 0.5 0.5 
Time. at. 1700 dems: Palr., lirs:......-..62.6.-0- 3.0 3.5 1st Stage 
Time 1700 to 1400 degs. Fahr., hrs.............. 1.0 1.0 
Time 1400 to 1325 degs. Fahr., hrs............. 1.0 1.0 
Tae me Teaco Gems; Waekr:, WS... ... 0... ccc seece 7.5 15.0 2nd Stage 
Naso. d ica g Base Bia eee eke 6-0 tse gitaaine 12.0 20.0 


metallographically. The superheat and time for complete mal- 
leabilization are given in Table 2. 

12. It is evident that increasing the temperature from 2750 
to 2900 degs. Fahr. brings about a shortening of the annealing 
cycle of from 10 to 12 per cent. Increasing the temperature to 
2970 degs. Fahr. results in a saving of time of 28 per cent. 

13. The photomicrograph of Fig. 1-A shows the structure of 
Iron S-2 in the ‘‘as ecast’’ condition which is typical of all three 
irons. The photomicrograph of Fig. 1-B shows a structure rep- 
resentative of these irons after annealing. The graphite particles 
are quite large, due to the high carbon content. 

14. Physical properties of these three irons were determined 
and are given in Table 3. 


Electric Furnace Irons 


15. In order to, check these conclusions, two irons of a low- 
carbon, high-silicon type having a high strength were made at the 
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Fig. 2—PHOTOMICROGRAPHS OF IRON E-2 (A, B), AND Iron B-5 (C). A: As 

Cast; Ercuep In 3% Nitau. X100. Tuis Structure Typical oF THE 5 

Evectric Furnace Irons DESCRIBED IN Paper. B: MALLEABLEIZED; ErcHED 

In 3% Nivavt. X100. C: MALLEABLEIZED; ErcHep In 3% Nitat. X100. 
NoTe THAT GRAPHITE PARTICLES ARE LARGER THAN IN IRon E-2. 
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Table 5 
PHYSICAL PROPERTIES OF IRONS 


Superheat, Tensile Strength, Yield Point, Elongation, 


Designation. degs. Fahr. Ibs. per sq. in. Ibs. per sq. in. per cent. 
E-2 3150 69,400 49,650 12.5 
65,400 50,500 9.0 
60,000 44,800 10.5 
64,200 44,600 17.0 
E-2 2865 61,600 — 17.0 
61,750 58,000 18.75 
Table 6 
MALLEABILIZATION OF ELECTRIC FURNACE IRONS 
IN hale cian wha kde d oe ¢ 664,800 eK E-1 E-7 E-6 
Dr 3180 3030 2850 
oe a i rrr: 3 1.39 1.51 1.50 
INNS ob So kos oes sc eceeeice cased 1.71 1.65 1.70 
came 60 1700 dees: Walr.,. brs... .. o-..ccsccs 0.5 0.5 0.5 
Time at 1700 degs. Fahr., hrs............... 1.5 1.75 4.0 1st Stage 
Time 1700 to 1400 degs. Fahr., hrs.......... 1.0 1.0 1.0 
Time 1400 to 13825 degs. Fahr., hrs.......... 1.0 1.0 1.0 
Time at 1325 degs. Fahr., hrs.............. 1.0 4.5 5.0 2nd Stage 
NI. eek a oak arco Be Eee es Cas ho ndeeue 5.0 8.75 11.5 


University of Michigan in a Detroit Electric Furnace. One of the 
irons was. superheated at 3150, the other at 2865 degs. Fahr. The 
pouring temperature from the ladle was 2750 degs. Fahr. in both 
eases. Annealing characteristics were determined as described 
above and the results, along with the analyses, are given in 
Table 4. 

16. In this set, the greatest acceleration in annealing time 
took place in the second stage. The total annealing cycle was 
shortened in the neighborhood of 40 per cent by increasing the 
temperature of the melt from 2865 to 3150 degs. Fahr. 

17. The structure of Iron E-2 is shown in the photomicro- 
graph of Fig. 2-A and is representative of all these electric fur- 
nace heats. Figs. 2-B and 2-C are photomicrographs which show 
the structure of Irons E-2 and E-5, respectively. Superheat favors 
the formation of smaller but more numerous graphite particles. 
The physical properties are shown in Table 5. 

18. Another series of irons of the low-carbon, high-silicon, 
high-strength type was prepared. The superheat temperatures 
were 3180, 3030, and 2850 degs. Fahr., respectively. The anneal- 
ing characteristics determined as above are given in Table 6. 
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Fic. 3—PHOTOMICROGRAPHS OF IRON E-1 (A), Iron E-7 (B), AND Iron E-6 

(C). A: MALLEABLEIZED; EtcHep In 3% Nitau. X100. B: MALLEARLEIZED ; 

Ercuep 1N 8% Nitrau. X100. OC: MALLEABLEIZED; Etcnep IN 3% NITAL. 

X100. Nore THAT SUPERHEAT Favors THE FORMATION OF SMALLER GRAPHITE 
PARTICLES. 














EFFECT OF SUPERHEAT ON MALLEABLE ANNEALING 


Table 7 
PHYSICAL PROPERTIES OF IRONS 


Superheat, Tensile Strength, Yield Point, Elongation, 


Designation. degs. Fahr. lbs. per sq. in. Ibs. per sq. in. per cent. 
E-1 3180 65,600 47,750 12.0 
66,750 49,000 10.0 
60,500 48,700 10.0 
59,700 50,200 9.5 
66,000 50,500 8.5* 
E-7 3030 60,100 40,700 18.6 
63,150 44,400 18.75 
63,500 42,000 14.0* 
62,000 — 18.0 
E-6 2850 All bars contained blow holes 


* Broke outside gage length. 


19. Again the specimen having a high degree of superheat 
was found to malleableize in a much shorter time than irons of 
the same composition not heated to so high a temperature in the 
molten state. 

20. One hour’s time was taken with all irons in cooling from 
1400 to 1325 degs. Fahr. The critical temperature lies near 1375 
degs. Fahr. for this iron and near 1350 degs. Fahr. for irons of 
lower silicon contents. Some second-stage annealing is accom- 
plished during the temperature drop from the critical to 1325 degs. 
Fahr. 

21. In most eases the second stage graphitization done at this 
time is negligible, but in specimen E-1, due to the rapidity of the 
reaction, this one-hour cooling period accomplished at least half 
of the second stage annealing. Hence, a value of 2.5 hours is used 
in all caleulations instead of 1 hour, in order to make the results 
comparable with the above irons. 

22. The photomicrographs of Figs. 3-A, 3-B and 3-C show the 
structure of these irons at 100 diameters. Again increasing super- 
heat favored the formation of more numerous, smaller graphite 
particles. The physical properties are as shown in Table 7. 


Discussion of Results 


23. The full significance of these data is not gained without 
correlating the results of all three series of irons. As a first step, 
the time necessary for first and second stage annealing must be 
added, for this sum is a measure of the time it would take in 
practice to manufacture malleable iron. This information is given 
in Table 8. 
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Table 8 
EFFECT OF SUPERHEAT ON MALLEABLEIZING TIME 
Superheat, Annealing Time, 
Designation. degs. Fahr. hours. 
8-1 297 46 
8-2 2900 56.5 
8-3 2750 62.5 
Reference 2800 62.0 
E-2 3150 10.5 
E-5 2865 18.5 
Reference 2800 19.5 
E-1 3180 4.0* 
E-7 3030 6.25 
E-6 2850 9.0 
Reference 2800 9.6 





* Corrected value. 
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Fig. 4—Grapn SHowine Errect or SUPERHEAT ON SECOND-STAGE ANNEALING 
TIME. 


24. When these values are plotted, as in Fig. 4, the anneal- 
ing time. at 2800 degs. Fahr. can be obtained by interpolation or 
extrapolation. For the series beginning with S-1, this point is 62 
hours; for the series beginning with E-2, it is 19.5 hours; for the 
series beginning with E-1, it is 9.6 hours. These values at 2800 
degs. Fahr. will be used as reference values. 

25. The beneficial effect of superheat can be seen by com- 
paring the malleableizing time of the various irons with the value 
of its type at 2800 degs. Fahr. Table 9 shows this comparison on 
a per cent basis. 

26. These values are presented graphically in Fig. 5. A 
study of the graph shows that acceleration in annealing rates 
becomes appreciable when melt temperatures are above 2900 degs. 




































EFFECT OF SUPERHEAT ON MALLEABLE ANNEALING 
Table 9 
CoMPARISON OF SUPERHEATED IRONS 


Annealing Time Compared 


Superheat with that at 
Designation degs. Fahr. 2800 degs. Fahr., per cent. 
8-1 2970 74.3 
$-2 2900 91 
8-3 2750 101 
Reference 2800 100 
E-2 3150 53.8 
E-5 2865 94.8 
Reference 2800 100 
E-1 3180 41.6 
E-7 3030 65 
E-6 2850 93.8 
Reference 2800 100 
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Time saved through superheat 
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Fig. 5—Grara SHOWING ErFrect OF SUPERHEAT ON ANNEALING TIME. 


Fahr. This curve indicates that very practical benefits may be 
obtained by superheating. 

27. The matter of superheating should be of very practical 
interest, since superheat along with good furnace design are 
eapable of reducing normal malleableizing cycles up to 50 per cent. 
A typical commercial cycle is as follows: 


PEP eer e ee ee 35 hours 
i ee teas ch cheese 0es0 4 es 50 hours 
Cooling to below critical.................... 50 hours 
i MCs Sa aoa Bac 'd Voss ev S640 84 oa0 8 10 hours 

Sb tiise beech seen xh ewe 4 ade eae 145 hours 
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28. It is the opinion of the writers that the use of a well- 
designed tunnel kiln can reduce the cycle at least 25 hours. The 
elimination of the packing material in such a furnace will permit 
bringing to heat in 15 to 20 hours. The temperature can also be 
dropped from the soaking temperature to the critical in less time 
in a tunnel kiln. This is advisable because, when the work has 
been graphitized to equilibrium in the first stage, an excessively 
slow rate of cooling to the critical serves no useful purpose. 

29. Progressive plants having facilities for superheating can 
effect further reductions of from 15 to 20 hours in the actual an- 
nealing time in irons of normal composition. Iron §-2 is in this 
manner being annealed in large tonnages in a total time cycle of 
51 hours with a top or soaking temperature of 1720 to 1730 degs. 
Fahr. A shorter cycle will increase, at the same time, the effective 
life of the boxes in which the castings are placed, an appreciable 
item in caleulating annealing costs. 
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DISCUSSION 


MeMBER: How did that low-carbon iron machine? That is, how 
did it compare with normal malleable in machining? 

R. SCHNEIDEWIND: It machined satisfactorily. There was not much 
difference—no difference that the machinist could determine. 

CHAIRMAN Frep L. Wotr:* I imagine that you have a refractory 
problem when superheating, do you not? 

R. ScHNEIDEWIND: The representatives of an electric furnace com- 





* Ohio Brass Co., Mansfield, Ohio. 








110 EFFECT OF SUPERHEAT ON MALLEABLE ANNEALING 


pany helped make the low-carbon high-silicon iron. They wanted to use 
a high temperature in order to show that they could go up to 3250 de- 
grees without destroying the refractory. 

MEMBER: Have the authors developed any theoretical explanation 
for the effect of superheating? 

R. ScHNEIDEWIND: Yes, I believe the superheat brings about super- 
cooling. We have obtained a similar result by the addition of small 
quantities of foreign materials in the same way that the modification of 
aluminum-silicon alloys is obtained. My theory of the modification and 
of superheat is that it brings about super-cooling. The result is that the 
freezing point is lower and the lower critical point is higher. By inducing 
super-cooling, one also obtains smaller crystals and a greater degree of 
meta-stability in the solid solution. Upon subsequent annealing, the 
carbon has an increased tendency to graphitize. I do not know how to 
explain the increased number of graphite nuclei obtained by superheat. 

The speed with which a carbon atom travels through iron to a 
graphite nucleus at any given temperature does not change with in 
creasing content of silicon or other material, or by superheat of the 
melt. On the other hand, superheat increases the number of graphite 
nuclei and, hence, reduces the distance between nuclei. Therefore, the 
distance a carbon atom must travel in order to graphitize> becomes less 
and the time for malleableizing naturally becomes less. 

MEMBER: You had actual evidence of super-cooling with an in- 
crease in the freezing point? 

R. SCHNEIDEWIND: No. On gray iron, Tanimura obtained a decrease 
of 20 degs. Fahr. from the freezing point, and an increase of from 15 to 
25 degs. Fahr. on the lower critical. We checked him on the lower 
critical on white irons. I merely used his theory and applied it to 
malleable. 

MEMBER: Our experience has been that as the silicon goes higher, 
these nodules get smaller. We have a series of samples showing that 
very clearly. Consequently, I do not think it is quite right to attribute 
this condition to superheat and ignore the effect of silicon, because one 
might get the same thing with silicon as with superheat. 

R. ScHNEIDEWIND: In a paper’? I presented before this Association 
last year, I showed that with an increase of silicon there is an increased 
number of graphite nuclei. At 1832 degs. Fahr. there is a phase change 
in the iron-silicon diagram. The FeSi changes to Fe,Si,. With the in- 
crease in either silicon content or cooling rate or superheat, more of the 
FeSi is retained. It is true that increased silicon will produce smaller 
and more numerous graphite particles. However, by keeping the silicon 
constant and increasing the superheat, smaller and more numerous 
graphite particles likewise will be obtained. 

MeMBER: What casting difficulties were encountered with reference 
to shrinks or cracks? 

R. SCHNEIDEWIND: With regard to the first iron we described, that 
is made commercially and there are no particular difficulties. In fact, 
the manufacturers claim that they have less difficulties than do other _ 


2 White, A. E. and Schneidewind, R., The Metallurgy of Malleabilization. 
TRANSACTIONS A.F.A. (1932), v. 40, p. 88. 
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foundries. The lower carbon, high-silicon irons I do not believe are so 
good. It is possible, according to one gentleman here, to produce com- 
mercially irons having silicon up to 1.6 and 1.9 per cent. We encoun- 
tered quite a bit of difficulty at the University in making the low-carbon 
high-silicon irons. 

MEMBER: Do you believe, then, that we in the practical end of the 
foundry industry would get better iron if we melted and poured or tapped 
at high temperature, say, 1.1 per cent silicon iron? 

R. ScHNEIDEWIND: I believe that if you could get 100 or 200 degs. 
Fahr. more temperature before tapping, you would get a faster annealing 
iron and, from the results I have obtained, the physical properties would 
not be impaired. 

MEMBER: Would they be improved any? 

R. SCHNEIDEWIND: I do not think there would be enough difference 
to notice. I have checked on physical property figures with the foundry 
that made these irons, and the agreement was satisfactory. 








High-Strength and Wear-Resistant 
Malleable Cast Iron 


By Resecca Hauu,* Curicago 


Abstract 


In an endeavor to develop a wear-resistant malleable iron, 
the author experimented with the effect of chromium additions 
plus silicon control. It was particularly desired to secure cast- 
ings with high strength, moderate ductility and considerable 
resistance to non-lubricated abrasion. The test castings were 
made by ladle additions to standard metal, the castings being 
given the regular anneal. Chromium additions ranged from 
0.25 to 1.15 per cent, with the silicon varying from 1.02 to 
2.02 per cent. Maximum tensile strength was secured with 
0.84 per cent chromium and 1.57 per cent silicon. Elongations 
were decreased as the chromium was increased. Hardness also 
increased. Elastic limits increased up to 62,500 lbs. per sq. in. 
The results indicate possibilities for further research. 


INTRODUCTION 


1. In view of the progress made in the use of alloys in gray 
iron and steel during the past decade, it is not remarkable that 
there has been a great increase in the production of alloyed malle- 
able iron in the past year. Up to that time, although the malleable 
industry had greatly improved its product through organized con- 
trol, it was offering only one or two types of castings, as compared 
with many specialized and highly diversified types of gray iron 
and steel. 

2. Apparently the malleable foundryman in the past has had 
a prejudice against alloy additions because most alloys either in- 
hibit or promote graphitization, in either case affecting the an- 
nealing process. An article presented before this association in 





* Metallurgist. 
Note: This paper was presented and discussed before one of the malleable - 
iron sessions at the 1933 Convention of American Foundrymen’s Association. 


112 

















Resecca HALL 113 


1925't gave some of the first comprehensive data on the effects of 
alloy additions in malleable iron. 

3. In the past, standard malleable has met every require- 
ment for reliability and general mechanical properties. Today, 
however, like every other engineering material, it is being called 
upon to sustain greater loads and give better service than was 
formerly necessary. Besides demanding higher strength proper- 
ties, customers ask for highly specialized characteristics. 

4. For instance, the new so-called ‘‘railroad’’ specification 
ealls for a yield point of 35,000 lbs. per sq. in. Until compara- 
tively recently, the yield point was not considered when writing 
malleable specifications. Other qualities such as extreme ease of 
machining, resistance to heat, exceedingly high strength, and re- 
sistance to corrosion and wear, are also in demand. 

5. With these facts in mind, the author has tried to develop 
a wear-resistant malleable iron, particularly to produce castings 
with high strength, moderate ductility and considerable resistance 
to non-lubricated abrasion. Before beginning experimental work, 
a complete bibliography and detailed study of the literature on 
alloyed malleable iron was made. 

6. It was essential that this metal be of moderate cost and 
made with the least departure from ordinary malleable practice 
in the foundry and annealing room. Although all the care and 
accuracy possible were used, the values obtained are not research 
laboratory values. These tests were made in a commercial malleable 
foundry, with the usual procedure, under exactly the same condi- 
tions which prevail in production work; for this reason, they are 
practical enough to point the way toward a solution of this par- 
ticular problem. 


Reason for Adding Chromium and Silicon 


7. Inereased strength and hardness are necessary in a wear- 
resistant iron. In irons of the same base composition, increasing 
hardness indicates decrease of soft ferrite and increase of pearlite, 
with correspondingly higher wear resistance. It is well known 
that the relationship between Brinell hardness and wear resistance 
in many cases is controversial. However, for the purposes of the 
present investigation, Brinell hardness figures may be fairly con- 
sidered as an accurate measure of wear resistance, and the author 
has therefore used Brinell figures throughout the investigation. 

8. Chromium -was added to raise the hardness and strength, 





j Reference numbers as shown herein correspond with Bibliography at end 
of paper. 
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and silicon additions were made to counteract the inhibiting effect 
of chromium on the annealing process. For years, chromium has 
been taboo so far as the malleable foundry is concerned, because 
of this effect.2**> Without additions of a graphitizing element 
such as nickel or silicon, chromium is very dangerous in amounts 
over 0.07 per cent, but silicon will counteract the effect of chro- 
mium since it increases softness and favors formation of temper 
carbon. Therefore, it seemed logical that by adding both chromium 
and silicon,® the advantages of both and the disadvantages of 
neither could be obtained, as is accomplished in chromium-nickel 
steel, and a hard malleable iron with high strength and good 
ductility would result. 


Experimental Work 


9. The experimental work was kept as practical as possible. 
Chromium was added in amounts from 0.25 to 1.15 per cent with 
enough silicon to counteract its tendency to form stable carbides 
which might prevent the annealing operation. Earlier work indi- 
eated in a general way the amount of silicon necessary for this 
purpose, but two different percentages of silicon were added for 
each percentage of chromium to give more data on this ratio. All 
the foundry operations were carried out under accurate technical 
control. 

10. The alloys used were ferrochrome (64.55 per cent chro- 
mium), ferrosilicon (90 per cent silicon), and in one case, zir- 
conium-manganese-silicon (61.85 per cent silicon, 10.54 per cent 


Table 1 
Tensile Eiastic Elonga- 

Test Bar Strength, Limit, tion in 2 Brinell Cr Si 

No. Ibs. per sq. in. Ibs. persq.in. in., % Hardness % % 
3211* 54,500 37,500 18.5 131 0 1.02 
C-22-Af 70,000 42,400 11.0 175 0.22 1.10 
C-22-B; 67,700 41,000 12.5 175 0.22 1.10 
C-23 72,900 43,600 9.0 179 0.23 1.24 
C-24-A 70,000 43,500 7.0 168 0.24 1.27 
C-24-B 75,600 47,100 9.0 168 0.24 1.27 
C-24-C 70,400 42,800 9.5 168 0.24 1.27 
C-37 76,900 49,250 9.5 179 0.37 1.28 
Cc-40 68,500 48,000 6.0 183 0.40 1.44 
C-56 80,500 52,500 6.0 201 0.56 1.39 
C-73 67,700 54,750 4.5 212 0.73 1.66 
C-84 80,000 59,000 4.0 213 0.84 1.57 
C-87 63,500 52,500 3.0 201 0.87 1.62 
C-108 76,600 62,000 3.0 223 1.08 1.72 


C-114 67,000 62,500 2.5 202 1.14 2.02 


*Standard unalloyed malleable with total carbon 2.33, manganese 0.37, phos 
phorus 0.16, and sulphur 0.1 
{Silicon added in the form of zirconium-manganese-silicon. 
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Fic. 1—Errect or INCREASING CHROMIUM ON TENSILE STRENGTH. X: IRONS 
WHERE RATIO OF APDITIONAL SILICON TO CHROMIUM Is Less THAN 0.71; 
@: Were THE Ratio Lies BETWEEN 0.71 AND 1.05. 


manganese, 21.78 per cent zirconium). The special low-melting 
alloys, ground to 20 mesh and down, were used to insure complete 
solution in the ladle. 

11. Additions of alloys were made in 50-lb. ladles. The 
metal was poured back and forth twice to obtain thorough mixing, 
and the bottom of the ladle was carefully inspected to make sure 
that none of the alloy remained undissolved. Recovery was about 
97 per cent for chromium and 95 per cent for silicon. 

12. Test bars were poured in the standard malleable size, 
52 in., and were given a standard 120-hour anneal at the usual 
temperature. They were pulled on a 100,000-lb. tensile machine, 
the yield point being measured by a precise extensometer. 

13. The general results are shown both in tabular form 
(Table 1) and in graphical representation (Fig. 1). 


Test RESULTS 


Tensile Strength. 

14. The tensile strength of chromium-silicon malleable iron 
is from 10,000 to 25,000 lbs. per sq. in. more than that of ordinary 
malleable iron, which is generally given as 55,000 lbs. per sq. in. 
An effort is made to determine the effect of the ratio of the addi- 
tional silicon to chromium, on the tensile strength. By additional 
silicon is meant that in excess of the normal amount in the base 
mixture; in other words, the excess silicon added in the ladle with 
the chromium. 

15. In Fig. 1, X is used for irons where the ratio of addi- 
tional silicon to chromium is less than 0.71, and © where this value 
lies between 0.71 and 1.05. It is evident from Fig. 1 that the 
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lower ratio gives greater strength, as would have been expected 
from the individual effects of silicon and chromium on malleable: 
iron. 


Elastic Limit. 

16. Inereasing the chromium increases the yield point re- 
gardless of the amount of silicon present, as is shown in Fig. 2. 
It is interesting to note that the elastic limit of the chromium- 
silicon alloyed irons is not only higher in pounds per square inch 
but also is higher in per cent of ultimate strength than is that 
of ordinary malleable iron or cast steel. The A.S.T.M. specification 
A47-30 ealls for yield point of 32,500 lbs. per sq. in., while the 
lowest one obtained on a chromium-silicon iron is 41,000 lbs. This 
great increase in the elastic limit is a matter of great commercial 
importance, for it has been recognized in recent years that the 
yield point, or point at which permanent deformation takes place, 
is often more significant than the ultimate breaking load. 


Elongation. 

17. Regardless of higher silicon, high ductilities are not 
maintained with high chromium present; but the author is of the 
opinion that the data obtained are insufficient to draw any con- 
clusions on this point. In fact, it seems highly probable that a 





Fig. 2—-EFFECT OF INCREASING CHROMIUM ON ELASTIC LIMIT. 





Fic. 3—EFFECT OF INCREASING CHROMIUM ON ELONGATION. 
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different heat treatment might increase the ductility materially. 
The effect of raised chromium on the elongation is shown in Fig. 3. 


Hardness. 

18. As shown in Fig. 4, the hardness as measured by Brinell 
hardness rises with increased chromium, except in two cases where 
so much silicon is present that it partially counteracts the hard- 
ening effect of chromium. This graph emphasizes the necessity 
of keeping the ratio of excess silicon to chromium in a technically 
regulated proportion. 





Fic. 4—EFFrect oF INCREASING CHROMIUM ON BRINELL HARDNESS. 


Path 





Fic. 5—-MICROSTRUCTURE OF THE STANDARD MALLEABLE IRON TEST Bar. 

ETCHED WITH 4% NIiTAL; X100. TENSILE STRENGTH, 54,500 LBs. PER Sa. 

In.; Evastic Limit, 37,500 Les. PER Sq. IN.; ELONGATION IN 2 INCHES, 18.5 
Per CENT; BRINELL HarpNess, 131. 
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Fig. 6—-STRUCTURE OF MALLEABLE IRON WITH 0.22 PER CENT CHROMIUM AND 
1.10 Per Cent Sinicon. Ercuep; X100. TENSILE STRENGTH 67,700 LBS. PER 
Se. In.; Evastic Limit 41,000 Les. PER SQ. IN.; ELONGATION IN 2 IN., 12.5 
Per CENT; BRINELL HARDNESS 175. 
Fic. 7—STRUCTURE OF SAME IRON AS Fic. 6, BUT X375. 


Fic. 8—STRUCTURE OF SAME IRON AS Fic. 6, BuT X800. 
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Ratio of Excess Silicon to Chromium. 

19. In general, this ratio is not nearly so important as the 
absolute amount of chromium present. However, it explains some 
seeming discrepancies in results and should be considered when 
planning additions of this kind. 


Microstructure 

20. Fig. 5 illustrates the microstructure of the standard mal- 
leable iron test bar. The structure is temper carbon in the conven- 
tional form, surrounded by grains of ferrite, no pearlite being 
visible. 

21. This iron is the best type of ductile malleable casting, 
meeting the A.S.T.M. Specification A-47-32T, grade 35018. The 
ferritic structure, of course, accounts for the softness and ductility 
of this standard malleable. 

22. Fig. 6 shows, at 100 diameters, the excellent structure 
obtained by the use of small amounts of chromium with increased 
silicon. The temper carbon is slightly smaller than in the un- 
alloyed malleable, and appears to be farther apart. A few patches 
of ferrite surround the temper carbon, and some very fine particles 
of unbroken carbides can be seen. The matrix is exceedingly finely 
laminated pearlite. 

23. Fig. 7 shows the same structure at 375 Qiameters. A 
network of ferrite is visible, but even at this magnification the 
extremely fine structure is evident. 

24. Fig. 8 shows the same sample at 800 diameters. The 
ground-mass, which at 100 diameters has the general appearance 
of a sorbitic pearlite, now can be seen to be almost entirely a very 
finely divided lamellar pearlite, surrounded by a network of fer- 
rite. There is some evidence of a slightly spheroidized form in 
some of the pearlite, this undoubtedly being due to the well-known 
tendency of chromium-bearing pearlite to spheroidize at approxi- 
mately 1550 degs. Fahr., which happened to be the annealing 
temperature in these experiments. 

25. The finely laminated pearlite present in the matrix ac- 
counts for the hardness and high yield point of this iron and 
should contribute greatly to the wear resistance. 

26. Higher chromium reduces the size of the temper carbon 
particles even more, as appears in Fig. 9. The matrix is com 
posed of very finely laminated pearlite, as before, and more un 
broken carbides are present in dendritic form. Physical properties 
are as follows: 
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Tensile strength, lbs. per sq. in................. 80,500 
I I SN ying os wv wis tie ona’ 52,500 
Elongation in 2 in., per cent.................. 6.0 
Rn ey a an ree Seon 201 


27. The fine graphite and pearlite account for the great 
tensile strength of this bar, but the decreased elongation and in- 
ereased hardness probably are due to the unbroken carbides. 

28. Fig. 10 shows the exceedingly fine structure obtained 
with 1.14 per cent chromium and 2.02 per cent silicon. Very 
small graphite, very finely laminated pearlite, and more little 
patches of unbroken carbides can be seen. There is hardly any 
ferrite visible. Physical properties are as follows: 


Tensile strength, lbs. per sq. in................. 67,000 
eS ee a re 62,500 
Elongation in 2 in., per cent................... 2.5 
in a ds et Shes nen ae 202 





Fig. 9—StTrRvucTUuRE OF IRON WITH 0.56 PER CENT CHROMIUM AND 1.39 PER 


Cent SILICON. ErcHEeD; X100. 





Fig. 10—Strvucture oF IRON wiTH 1.14 PER CENT CHROMIUM AND 2.02 PER 
CENT SILicon. EtcHep; X100. 
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Fic. 11-—Bent Test Bar or Iron with 0.22 Per Cent CHROMIUM AND 1.10 
Per CENT SILICON. 


29. It is interesting to note that the elastic limit increases 
steadily with higher chromium, although so much silicon is pres- 
ent in this case that the strength is not so great as in other 
samples. The very low ductility and great hardness probably are 
eaused by the unbroken carbides. 

30. To summarize, additions of chromium and silicon in the 
ladle to standard malleable base mixtures change the structure of 
the annealed malleable so as to decrease the ferrite, refine the 
temper carbon, and cause a pearlitic structure. The effect of 
these changes on the physical properties is clearly understood 
when one remembers that ferrite has a tensile strength of about 
50,000 Ibs. per sq. in., and pearlite about 125,000 lbs. per sq. in., 
with 10 per cent elongation.’ 

Possibilities 

31. This paper is offered in the nature of a progress report, 
and it is the hope of the author that it may open new fields of 
investigation. Possible uses for this type of metal will occur to 
any malleable executive. 

32. No variations were made from the standard heat treat- 
ment, although the author recognizes the fact that very much 
greater ductility and other physical properties can be obtained 
by heat treatment specially designed for the solution of the 
stable carbides in such irons. However, since this series of tests 
was to be under strictly commercial production conditions, the 
regular annealing practice was followed. It will be interesting to 
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watch the development of this type of iron when special heat 
treatments are used. 

33. These results also brought up the question of the use 
of chromium with higher silicon for the prevention of primary 
graphitization in heavy sections. The author is continuing this 
work at present. 

34. It may be thought that elongations of from 7 to 13 per 
cent are not very high, but it must be remembered that within 
the last two decades very serviceable malleable castings were made 
to specifications requiring far less ductility and strength than 
the irons which form the basis of this paper. A brief comparison 
of physical properties of several irons illustrates this point, as 
follows : 

A.S.T.M. A.S.T.M. 


Cr-Si Spec. Spec. 

Malleable 32510, 1930 1910 

Tensile strength, lbs. per sq. in. 65,000 50,000 40,000 

Yield point, lbs. per sq. in..... 40,000 32,500 Re 
Elongation in 2 in., per cent... 7.5 10.0 2.5 


35. The ductility of chromium-silicon malleable irons is 
shown in Fig. 11, which illustrates the bend obtained from one 
of the samples of No. C-22. 

36. It is the belief of the author that this type of malleable 
casting will find many applications in commercial work. The 
combination of high strength, unusually high elastic limit, rea- 
sonable ductility and a hard wear-resistant matrix, all at very 
moderate cost, offers a metal which can be of great service in 
many fields. 

37. The author wishes to express her appreciation to the 
Chicago Malleable Castings Co., at whose plant the bars were made 
and the chemical analyses and physical tests run; to the Electro- 
Metallurgical Co. for their kind cooperation; and to the Robt. 
W. Hunt Co. for the photomicrographs at 100 diameter. 
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DISCUSSION 


WRITTEN DISCUSSION 


H. A. Scowartz:* It has been known for some time that there are 
certain elements of which manganese and chromium are the best known, 
which retard graphitization considerably and do so more actively at 
temperature ranges above the critical point where the destruction of mas- 
sive carbides is involved, than at temperatures below the critical point 
where pearlite is being graphitized. 

It has been pointed out by certain workers at Iowa State College that 
these elements are those which enter into the carbide phase, and it is 
thermodynamically obvious that the vapor pressure of carbon from a 
earbide should be reduced if that carbide can dissolve or combine with 
other elements such as are here involved. 

Miss Hall has chosen for her field of work the use of chromium for 
this purpose, somewhat modified in the interest of rapid first-stage graph- 
itization by the addition of silicon. The physical results obtained will 
prove an interesting addition to the collection of information now avail- 
able with regard to the properties of these pearlitic products. 

The commentator would offer the suggestion that the results obtained 
should not be considered as the effect of chromium on the metal, but 
rather as the effect of combined carbon. 

We are now confronted with a considerable range of commercial 
materials differing from malleable cast iron in that, instead of being 
ferritic, the metallic matrix is more or less pearlitic. his pearlitic 
character can be and has been obtained in many ways, (a) by suitable 
heat treatment of ordinary white iron, so conducting the anneal that 
pearlite remains behind in greater or less extent; (b) by the re-heat 


* National Malleable & Steel Castings Co., Cleveland. 
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treating of ordinary malleable so that pearlite or sorbite are reformed 
and distributed in the manner and extent desired; and (c) by the addi- 
tion of retarding elements with the intent that the normal annealing 
eyele shall produce that degree of pearlitic or sorbitic matrix desired. 
Miss Hall’s material, of course, is in the latter class. 

Now, it is probably not to be disputed that a pearlitic steel, contain- 
ing at any rate the higher chromiums contemplated by the author, will 
depart in properties somewhat from a plain carbon steel; to that extent, 
chromium affects the particular alloys under consideration. However, 
their properties as differentiated from orthodox malleable cast iron are 
much more largely determined by the amount of pearlite present as an 
indirect consequence of the chromium than by the chromium per se. It 
is suspected, therefore, that the graphs shown in Figs 1, 2 and 3 are much 
more largely functions of the combined carbon content than of the 
chromium content, and that a plot of that character would have been 
quite useful in clearly understanding the significance of Miss Hall’s ex- 
periments. 

Whether materials whose matrix is not substantially pure ferrite 
should be called malleable cast iron, is something of a moot question. To 
the extent that they represent, at least moderately, ductile properties 
made by the graphitization of white cast irons, such a phrase is perhaps 
justified. To the extent that traditionally malleable iron has certain 
properties such as high elongation, great ease of machininz, low hardness 
and high magnetic permeability, it would perhaps be better to coin a new 
name for these materials. 

Such phrases as “incompletely” or “short annealed” malleable are 
open to misconstruction—the former, as carrying a connotation of in- 
feriority; the latter, as a possible source of confusion with quick-an- 
nealed malleable. High-strength malleable has also this objection, since 
there should be some means of differentiating between ferritic malleable, 
reasonably strong because of low carbon content, and pearlitic products 
which are still stronger for the reason that Miss Hall’s alloys have this 
property. 

It would seem appropriate that the A.F.A. should take the lead in 
evolving a suitable nomenclature in this field, and this might much 
better be done promptly than later when perhaps an unfavorable term- 
inology may have taken root. 


ORAL DISCUSSION 


FRANK M. Ropspins:* I would like to endorse what Dr. Schwartz 
has said about the need for defining these pearlitic materials. The paper 
is very interesting and well worthy of study, but I question whether it 
should be presented at a malleable iron session. It seems to me that it 
is time for the A.F.A. to provide for the study of these pearlitic irons as 
a separate cast material. 





* Ross-Meehan Foundries, Chattanooga, Tenn. 
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CHAIRMAN Frep L. Woitr:* Has there been any practical application 
or specific application of this type of iron? 

E. K. SmirH:+ It is in service in several different commercial in- 
stallations, and it was tried out quite carefully before it went into 
service. I would say that in six or eight months some definite data on 
service results will be available. 

MEMBER: Have any impact test data been secured on this material? 

E. K. SmitrH: Impact tests are being made now. They are not yet 
completed, so they are not ready to report. Incidentally, since the paper 
was written, some work has been done on the corrosion of this material 
at the University of Wisconsin. A long series of different tests and dif- 
ferent media are being run just to obtain the corrosion of this material 
as compared with that of standard malleable. Experiments on special 
heat treatments also are being run. 

R. 8S. ARCHER :** I wish to ask a question reflecting more the attitude 
of the user of malleable than that of the producer. I had the pleasure of 
seeing some of Miss Hall’s work before the publication of this paper, and 
also some of the specimens, and it seemed to me that the bend tests were 
particularly good for pearlitic malleable produced by the simple annealing 
process. I would like to hear some comments from some who may have 
done a great deal of work on this subject, as to whether that is the case. 
It is well known that very ductile products, having a pearlite or spher- 
oidized carbide matrix, have been made by special annealing processes ; 
but the specimens I had previously seen, which were made by the simple 
standard annealing practice, did not seem to give particularly good bend 
tests. 

E. K. SmitH: Miss Hall showed me a lot of the samples she had 
and, in general, she got good bends with the lower chromes. As soon as 
the chrome got up a little higher and some cementite was left, the bends 
were not so good. In general, with 0.22 to 0.25 chrome, excellent bends 
were obtained. : 

R. S. ArcHer: That is not quite the question I had in mind. Pro- 
ducts of a similar structure have been made by air cooling with standard 
composition. Such specimens have come to my attention, but they did not 
bend as well as this material under discussion. I was wondering if that 
was the general experience. Could similar bend tests be obtained with 
a Brinell hardness of 175, using the ordinary malleable composition? 

E. K. SmitrH: I ean give only the results which the author obtained 
with the chrome. 

MEMBER: You would not have a 175 Brinell hardness. 

R. S. ArcHer: I mean with air cooling from above the critical. 

MEMBER: Was that chrome addition one of 0.25 per cent or 0.025 
per cent? 

E. K. SmitH: The addition was 0.25 per cent, with the additional 
silicon. 

MEMBER: I would like to ask a question with regard to the tests for 





* Ohio Brass Co., Mansfield, Ohio. 
+ Electro Metallurgical Co., Pittsburgh. 
** A. O. Smith Corp., Milwaukee. 
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wear resistance. How were those tests conducted, and with what other 
material were the tests compared? 

E. K. SmitH: There were no tests made on wear resistance. This 
particular work was done for a particular job where the information was 
sufficient to know that if they could get a pearlitic structure with a cer- 
tain definite Brinell, it probably would meet the requirements. As the 
equipment would be very expensive and it would take a long time to make 
the tests, the author did not attempt any wear tests. 


WRITTEN REPLY BY AUTHOR 


ResBecca Hatt: I agree with Mr. Schwartz that the properties ob- 
tained in chromium-silicon malleable iron are partly the indirect result 
of the chromium present; but I believe that it is also partly the direct 
result of the chromium present dissolved in the ferrite. In any case, since 
the net result is due either to the direct effect of chromium on the ferrite 
or to the indirect effect of chromium in producing pearlite, it seems 
proper to plot physical properties as against chromium content. 








Sand Control on a Continuous Molding 
Unit in a Malleable Foundry 


By CHARLES Morrison,* Saginaw, MIcH. 


Abstract 

In foundries that have continuous molding and sand 
handling equipment, the use of facing is undesirable as it 
hampers production. There is a decided tendency toward use 
of 100 per cent facing sand. This paper is devoted to the 
description of sand control as practiced in a malleable iron 
foundry having continuous molding and sand handling equip- 
ment and which uses all facing sand. 


Raw Material Storage 


1. All raw materials are stored in the sand building. Un- 
loading from the cars is done with a bucket and a 10-ton traveling 
erane. There are bins for storage of bank sand, sharp sand, fac- 
ing sand, burnt sand, blast sand, black sand, clay and coal. For 
immediaté use, small quantities of the above materials are stored 
in hoppers, which are filled by the crane. There are also hoppers 
for the storage of seacoal, molding sand and core mixtures. All 
hoppers are serviced by a traveling weigh lorry, the various hop- 
pers being covered with tarpaulin to prevent contamination. 

2. All molding and core sand mixtures are made in the sand 
storage building. The ingredients that go into the batches are 
weighed by the weigh lorry and deposited into the mixers and 
mullers. Batches of molding sand mixtures are weighed on a plat- 
form scale before entering the foundry, in order that accurate 
records of additions to the sand system can be kept. 


c * Assistant Metallurgist, Saginaw Malleable Iron Division, General Motors 
orp. 

Nore: This paper was presented and discussed before one of the malleable 
iron sessions at the 1933 Convention of American Foundrymen’s Association. 
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Sand System 


3. The conditioned sand is stored in two 100-ton tanks. The 
feed from the tanks is alternated so that one tank is discharging 
while the other is filling, thus allowing the sand ample time to 
cool and temper thoroughly. After leaving the tank the sand 
passes to the elevator, from which it is discharged into the revivi- 
fier. From he revivifier the sand is dropped onto a belt which 
carries it to the flight conveyors. The molding hoppers are located 
beneath the flight conveyors and the sand spills into them as it 
travels along, the surplus falling into the tail spouts, from where 
it is conveyed to the shakeouts. 

4. The molds are dumped from the molding conveyor onto 
vibrating screens which remove the sand from the castings, and 
the latter then are loaded into buckets and carried to the knock- 
out conveyor, where the gates are broken off and the castings sorted 
into boxes. The sprue and sand are discharged into a mill, the 
burnt sand is taken off and screened, and the clean sprue is dis- 
charged into a box. 

5. The reciprocators are located beneath the shakeout screens 
and rake the sand onto the shakeout belt. The rebonding mixture 
feeds onto the tail pulley of this belt. The sand is then carried 
up to the magnetic pulley and falls on the vibrating screens, 
where pellets of iron, core particles, clay balls, ete., are removed. 

6. From the screens, the sand is discharged into the pug mill. 
As it falls into the pug mill, water is added through a series of 
jets. The sea coal feeder is located at this point and spills sea 
coal mixture into the pug mill. The reconditioned sand then is 
elevated and dropped into the storage tank, where it is allowed 
to cool and temper before use. 


Laboratory Control 


7. The sand laboratory supervises sand storage, core sand 
mixtures, molding sand and research. Tests for moisture, per- 
meability and bond are taken on the molding sand every hour, or 
more often if necessary. Periodic tests are made on raw materials, 
cores, core batches and molding sand. Research is conducted at all 
times. 

8. The man in charge of sand must cooperate closely with 
the core and molding departments in order to obtain the proper 
control. 

9. Although laboratory tests show the sand and cores to be 
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within the specified limits of control, this does not necessarily. 
imply that they are good cores and good sand. Many conditions 
beyond the bounds of test, influence the quality of these materials. 
Intimate knowledge of every condition pertaining to the sand sys- 
tem is necessary in order to obtain satisfactory sand. 


Moisture 


10. Water is added to the dry shakeout sand through a series 
of jets as it falls into the pug mill. The water valve is a dial 
type. A pressure regulator capable of holding the pressure within 
one pound is located in the water line ahead of the valve, the 
operating of this valve being done by the sand testers. The amount 
of water added is determined by the hourly tests for moisture, 
feel of the sand, past experience, and judgment of conditions in 
the system such as the following: 

(a) The amount of overflow sand. 

(b) The amount of shakeout sand. 

(ec) The turnover of sand. 

(d) The temperature of the sand. 

(e) Extent of bridging in the storage bins. 
(f) Atmospheric conditions. 

11. The effect of each of the above factors will be taken up 
in their respective order. 

12. The amount of overflow sand is governed by the amount 
of sand fed to the flight conveyors in excess of that necessary to 
keep the molding hoppers full. The overflow sand should be kept 
at a minimum, otherwise it clogs both the reciprocators and screens. 
This material, being normally tempered sand, is somewhat wetter 
than the shakeout sand; consequently, the overflow should be kept 
proportional to the shakeout sand. 

13. The amount of shakeout sand is dependent upon the rate 
of production. Being dry, it will require more water than over- 
flow sand. The tester must watch the molding rate as well as the 
amount and kind of sand coming from the shakeouts. 

14. The combination of shakeout and overflow sand repre- 
sents the sand turnover per hour. Changes on the water valve are 
made with a change in turnover. 

15. The temperature of the sand is influenced by the rate of 
production, the extent to which it bridges in the bins, and at- 
mospherie conditions. As production increases, the sand tempera- 
ture rises. If sand bridges in the bins, a smaller amount turns 
over more rapidly and becomes hotter. On hot days the sand does 
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not cool readily and hot sand requires more water because it dries 
out faster in traveling from the storage bin to the molding hop- 
pers. 

16. All of these factors must be borne in mind by the sand 
tester. With a good tester it is possible to hold within plus or 
minus 0.1 per cent of the moisture standard ninety-five per cent 
of the time. 

17. The percentage of moisture to be carried in the sand is 
determined by the class of work on the system. For large work a 
content of 4.8 to 5.2 per cent is carried, and for small work a 
content of 5.2 to 5.6 per cent is carried. On hot days or with hot 
sand, this content may have to be increased. 


Bond 


18. The rebonding mixture is added with a belt feeder to the 
shakeout sand belt. The feeder is equipped with a variable speed 
reducer and a gate. With this arrangement the feeder becomes 
very flexible. This is advisable because all the addition sand is 
added in the rebonding mixture. 

19. Two kinds of rebonding material can be added, bonding 
sand or clay. When using either of these materials, additions 
should be made gradually and uniformly or else balling of the 
clay will surely result. Raw clay should not be added, as segre- 
gation will take place. 

20. A mixture of burnt sand and clay is used. This mixture 
is thoroughly mulled before using and is made as dilute in clay 
as possible without causing an undue increase of sand in the sys- 
tem. 

21. Regardless of all precautions taken, some of the clay will 
ball and a suitable piece of machinery must be used to break up 
these balls. The revivifier tends to break up lumps of sand and 
clay balls. 

22. Samples taken from a system using clay for rebonding 
after mulling for ten minutes, increased in bond from 6 to 11 Ibs. 
compressive strength, which indicates that there was considerable 
ineffective clay in the sand. Mulling would eliminate this objec- 
tionable condition; however, it is impractical to install a batch- 
type muller in a continuous sand system where a large tonnage 
is used. What is needed is a continuous muller capable of han- 
dling 100 to 150 tons of sand per hour. 

23. The amount of rebonding mixture fed to the system sand 
is regulated from the tests for compressive strength taken each 
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hour. For heavy work a sand strength of 4.5 to 5.0 lbs., and for 
light work 5.0 to 5.5 lbs., is maintained. 


Permeability 


24. The permeability of the sand is influenced by the follow- 
ing factors: 


Fineness of the core sand. 

Percentage of clay in molding sand. 
Percentage of sea coal in molding sand. 
Percentage of moisture in molding sand. 
Percentage of dust in molding sand. 
Temperature of sand. 

Grain distribution. 


NOME Spr 


25. Inasmuch as all of the sand additions to the system 
eventually come from the cores, the fineness of the core sands more 
or less governs the permeability of the molding sand. A high in- 
effective clay content reduces the permeability. Normal clay builds 
around the grains, producing an openness; but when the clay be- 
comes burned to a point where its bonding qualities are gone, it 
powders, forming fines which clog the pores in the sand. 

26. The sea coal, being fine, clogs up the sand; moreover, the 
ash from it will build up to a constant introducing an additional 
portion of fine material, and consequently, as the sea coal per- 
centage increases, the sand becomes less permeable. 

27. The moisture content of the sand influences the manner 
in which it rams up. Excessively wet sand will ram up tight, pro- 
ducing a low permeability in the mold. 

28. Sea coal ash, dead clay and sand grains broken down 
through handling and heat, introduce dust into the sand which 
lowers the permeability. A large portion of this material is car- 
ried out through the ventilating stacks over the shakeouts. Fines 
are removed from the burnt sand by screening. 

29. The temperature of the sand has a very marked influence 
on the permeability, cold sand being more open than hot sand. 
When the permeability is already rather low, it is essential that 
the sand be kept cool. To accomplish this, air is passed through 
the system sand as it falls from the vibrating screens. 

30. The permeability is affected considerably by grain dis- 
tribution. When the grain distribution is good, the sand is more 
open than a sand having a poor distribution with the same fineness 
number. The screening of the burnt sand permits certain portions 
to be accepted and others rejected. In this manner a certain grain 
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distribution can be built up, thereby making the sand fairly open 
with a relatively high fineness number. 

31. Fig. 1 shows the improvement of grain distribution by 
the addition of screened burnt sand added through the rebonding 
and sea coal mixtures. 

32. Sand in a system making large work has a permeability 
of 30 to 40, and for small work 25 to 35. 


Sea Coal 
33. Sea coal has many objectionable qualities, its justification 
being to prevent the sand from burning on the castings and to 
improve the finish. Sea coal and the coke produced from it weaken 
the sand, the coke at times picking up clay and thus forming balls 
which have to be sereened from the sand. As previously stated. 
the ash from the sea coal tends to lower the permeability. 





Fig. 1—CuHart SHOWING IMPROVEMENT IN GRAIN DISTRIBUTION OF SYSTEM 
SAND BY THE ADDITION oF 30 PER CENT SCREENED BurRNT SAND oF 70 TO 100 
MESH SIZE. 
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34. To add to its objectionable qualities, sea coal is the hard- 
est ingredient in the sand to properly control. If a quick and ac- 
curate test (similar to moisture or bond) could be made each hour, 
the problem would not be so difficult. Both the burning and 
flotation methods for determining sea coal are inaccurate and there- 
fore unreliable, by reason of the fact that they do not show the 
amount of effective sea coal present. 

35. The most satisfactory method of controlling the sea coal 
is by careful observation of castings, by accurate record of all 
sea coal additions to the system, and by past experience. All addi- 
tions are carefully weighed, as the amount added in a day is small. 

36. To obtain good results, the percentage of effective sea 
coal is held within narrow limits. Too little sea coal permits the 
sand to burn on the castings, which results in heavy sand losses 
from the system, hampers inspection of the hard iron castings, 
and causes excessive cleaning costs. In addition, the finish on the 
casting is not good. 

37. Blows, surface checks, shrinks, misruns, cold shuts, dirty 
molding, and drops are common results of too much sea coal. 

38. There are three ways of adding sea coal to the system, 
as follows: 

(a) With the rebonding mixture. 
(b) Raw. 
(c) With bank or burnt sand. 

39. The first method is not satisfactory because the amount 
of seal coal added is dependent upon the bond strength, inasmuch 
as the amount of rebond added is governed by the bond strength 
tests. 

40. The second method is satisfactory, but extreme care must 
be taken to prevent segregation. The sea coal must be added slowly 
and uniformly throughout the day, and the sand must be thor- 
oughly mixed after additions are made. 

41. The third method is most satisfactory, as it produces 
more uniform distribution. 

42. The amount of sea coal that will have to be supplied to 
the sand to replace that burnt out will vary from time to time due 
to the following conditions: 


(a) Temperature of the iron. 
(b) Size and shape of castings. 
(ec) Rate of production. 


43. The higher the pouring temperature of the iron, the more 
sea coal will be burned out of the sand. Due recognition of this 
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fact must be made where the pouring temperature is changed. 

44. Size and shape of the castings have a pronounced influ- 
ence on the seal coal burnout. Large work produces a hotter 
temperature within the mold, and as a result the sand against the 
easting is burned back to a greater depth than with small work. 
The square inch area of casting exposed to the sand is not pro- 
portional to the weight, and it is possible with a rather light job 
to burn out considerable sea coal. It is desirable to classify jobs 
on certain units because of this fact. 

45. The amount of sea coal fed to the system necessarily will 
be changed with a change in production. Accurate records of 
consumption show that there is a definite relationship between 
weight of iron poured and sea coal consumed. 

46. As the volatile matter is the ingredient that produces the 
desired results in the mold, shipments of coal should be checked 
for volatile matter. 

47. For large work 11 to 12 per cent sea coal is carried in 
the sand, and for small work 9 to 10 per cent is carried. 


Volume of Sand in the System 
48. For good operation, both from the standpoint of control 
and economy, it is desirable to maintain a constant volume of sand 
in the system. The various conditions affecting the volume of 
sand are as follows: 
(a) Effectiveness of the shakeouts. 
(b) Percentage of sea coal in sand. 
(ec) Percentage of clay in sand. 
(d) Nature of the cores. 
(e) Temperature of the iron. 
49. Poor shakeouts leave considerable sand on the castings, 


thus entailing large losses from the system. As a result, large 
amounts of addition sand must be made, which not only increases 
the costs but destroys control. 

50. A change in sea coal percentage will cause a change in 
volume of sand. With too low a sea coal, large losses will take 
place; with too much sea coal a rapid sand pick-up results. 

51. A high clay content causes the sand to adhere to the 
castings, thus producing abnormal sand losses. 

52. The fact that the cores disintegrate at the shakeouts 
(thereby adding sand to the system) has an important bearing 
upon the sand volume. Change in baking conditions of the cores 
or the amount of core binder used in them will change the extent 
to which they contribute sand to the system. 
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53. The pouring temperature of the iron will affect the extent 
to which the sand sticks to the castings, thus influencing the losses 
from the system. 

54. All additions of sand are made through the rebonding 
and sea coal mixtures. The variable speed arrangement on the 
rebond feeder allows very flexible control of the sand additions. 
To add more sand the mixture is made lean in clay, and to cut 
down sand additions the mixture is made rich in clay. For best 
operation the largest volume of sand possible is kept in the system, 
which permits it to temper and cool properly; moreover, the con- 
trol is less difficult. 


Factors Affecting Finish 


55. <A highly satisfactory casting finish can be obtained by 
the use of a suitable facing. When facing is used, the control of 
the backing sand need not be so rigid, the principal requirements 
being that it have sufficient bond for molding and be permeable 
enough to allow gas to escape from the mold. The use of facing, 
however, is not desirable because it slows up production and is 
expensive. Where facing is not used, the necessity for a high- 
grade sand is obvious. 

56. To obtain a good finish without the use of a facing is 
no simple task, the nature of the sand used being such that low 
permeability results. The molding foreman prefers a sand that 
is more open than necessary to allow for discrepancies in molding 
practice. When a fine sand with low permeability is used, the 
molding technique necessary to make a sound casting becomes 
more exacting. 

57. The finish on a casting will be no better than that pro- 
duced by the coarsest particle in the sand. Most of the extraneous 
matter, such as clay balls, coke, rock, roots, iron shot, core particles, 
charcoal, etc., is removed at the vibrating sereens. About 95 per 
cent of the sand will pass a 40-mesh screen after passing the 1/8- 
in. vibrating screens. Due to the shape of the sand grains, it does 
not matter materially whether the screen openings are 1/8 x 1/8 
in., 1/8 x 3/4 in. or 1/8 x 1-1/4 in. The size of opening used is 
determined by the tonnage to be put through the screens. 

58. The sea coal is ground to pass 99 per cent through a 70- 
mesh screen. Frequent tests are run to insure that this fineness is 
maintained, as large particles of coal cause pits in the castings. 
If the sea coal becomes too coarse, serious trouble may result. 

59. Sea coal is used to improve the finish to a certain extent. 
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However, when the percentage of this ingredient in the sand be- 
comes too great, the surface of the casting will be covered with 
checks and ridges, causing an undesirable finish. 

60. Proper moisture content and tempering are essential to 
good finish. Dry sand or sand that has not tempered properly 
w.ll often stick to the patterns, producing very rough castings; 
moreover, the sand will not mold properly. This causes rough 
spots at the parting line and frequently small crevices will not be 
filled with sand, resulting in a rough spot at that point. 

61. Hot sand can be very troublesome. The hot sand coming 
in contact with the relatively cold pattern causes the water vapor 
to condense and the sand to stick to the patterns, thereby produc- 
ing a rough casting. To prevent ordinary sticking of sand to the 





Fig. 2—CuHart SHOWING DESTRUCTION OF GRAIN DISTRIBUTION OF SYSTEM 
SAND BY THE USE OF IMPROPER COARSE SAND FOR OPEN CORES. 
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pattern, a suitable spray consisting of lard oil and kerosene is used. 

62. Inasmuch as the system sand has the same characteristics 
as the core sands, the choice of bank sands for this purpose is 
influenced by the desire to obtain smooth castings. 

63. Ninety-nine per cent of the jobs are made without facing 
and have a fairly smooth finish. For a few jobs that require an 
exceedingly smooth finish, a facing consisting of black sand and 
No. 18 Helmick is used. 


Relation of Cores to Molding Sand 


64. It has previously been pointed out that the core sands 
determine the fineness of the molding sand; also, that the nature 
of the cores determines to some extent the volume of sand in the 
system. Some cores must be very open, others can be made less 
open. Therefore, different sands must be used for various types 
of cores. It is essential that the proper choice of sand for open 
cores be made, as otherwise the grain distribution of the molding 
sand will be undesirable. 

65. Fig. 2 shows the effect of using too coarse a sand for 
open cores, with the result that the system sand has a poor grain 
distribution and the castings an unsatisfactory finish. Either the 
core mixtures must be regulated to produce a fine system sand or 
facing will have to be used. The use of the latter is very expen- 
sive, and considerable expenditure can be made in the selection of 
the proper core sands. 

66. The amount of core binder used and the method of bak- 
ing determine the manner in which cores disintegrate at the shake- 
out. It is desirable that sufficient core sand be liberated to the 
system to replace sand lost by adherence to the castings, otherwise 
the control of the molding sand becomes difficult. 

67. It is apparent that control of the core sand is of equal 
importance with control of molding sand, but it is not the purpose 
of this paper to deal with core sand to any extent. Suffice it to . 
say that the best cooperation possible between the molding depart- 
ment, core department and sand laboratory is essential to the pro- 
duction of a satisfactory molding sand. 


Foundry Scrap 


68. The many foundry troubles directly or indirectly trace- 
able to faulty sand are well known to every foundryman. Broken 
molds, drops, misruns, cold shuts, scabs, blows, dirty molding, 
rough castings, ete., often are the result of improper sand. The 
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broken molds that can be caused by incorrect moisture content in 
the sand can be so high in one hour that the entire day’s efficiency 
is destroyed. 

69. At times sand is unjustly blamed for certain foundry dif- 
ficulties. Improper jolting, ramming and squeezing, poor design 
of squeeze heads, fluctuating air pressures, gradual wear on mold- 
ing machines, etc., result in troubles too often blamed on the sand. 
In the final analysis, the condition of the sand in the mold, not 
the laboratory tests, is the criterion of its fitness. It avails us noth- 
ing if the sand is perfect yet not made into the mold the same 
each time. 

70. All complaints about the sand should be quickly investi- 
gated and the blame properly placed. The sand laboratory can 
be of much assistance to the molding department insofar as they 
can help to work out problems pertaining to the use of the sand. 
The laboratory should take a conciliatory attitude toward the mold- 
ing department—much in the same respect as the salesman takes 
toward the user of his product. 


Influence of Molding Sand on the Product 


71. Many small jobs are coined and it is necessary that they 
be absolutely true to size. In the operations of straightening and 
machining, the castings must fit jigs perfectly, otherwise opera- 
tion is slow. Faulty sand will cause pimples and fins at the part- 
ing line, rough spots, ete., which prevent the castings from process- 
ing properly. The amount of salvage grinding will be reduced 
with good smooth castings. 

72. The sand should be of such nature that the castings will 
clean readily. Where castings are not milled in the hard iron and 
too much sand adheres to them, inspection is hampered, scrap is 
annealed and processed and considerable sand enters the anneal, 
which wastes fuel and upsets the annealing cycle. Moreover, ex- 
cessive amounts of sand adhering to the castings after the shake- 
out cause slow cooling of the iron, and difficult annealing. 

73. The finish on the casting should be the best that can be 
obtained, as it makes for pride in the product and insures the 
ecustomer’s good will. 


Conclusion 


74. In conclusion, it is desired to emphasize the fact that the 
control of sand is of major importance in the successful operation 
of a modern foundry. 
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DISCUSSION 


MemBeER: How does the author arrive at the proper point for dry 
strength in his synthetic sand? 

CHARLES Morrison: We find that the green bond strength, if held 
properly, gives us satisfactory results providing the sand has good grain 
distribution. In other words, if we keep the sand within a certain band 
of grain distribution with a given green bond strength, we keep out of 
trouble. Therefore, we try to maintain the green bond strength as closely 
as possible. There has been much stress placed on the importance of the 
dry bond strength, but it has been our experience that we have no trouble 
from washes and scabs if the sand is relatively open with the proper 
green bond strength. 

MEMBER: What is the dry bond strength of your sands? It seems 
to me your are using quite a strong sand. 

CHARLES Morrison: The dry bond strength runs about 40 lbs. shear. 
We use a relatively high green bond; that is, for the small work. For 
large work we run the bond considerably lower. The reason we carry 
it higher on the small work is because we have deep draws and have to 
have the strength higher in order to get clean draws. 

MEMBER: In connection with the question of dry strength, has it 
been your experience that the dry strength shows up deteriorations faster 
than do the green strengths? 

CHARLES Morrison: We used to run dry bond strength and it did 
not tell us very much. We did a great deal of work on it, and after 
considerable study we decided that the green bond strength, if held 
properly, told us more and gave us better control and better molding 
conditions than the dry bond strength. 

MEMBER: What type of clay is used, and how is it applied? Is it 
in plastic form or is it in the form of cement, and how do you apply it? 

CHARLES MorRRISON: We use finely ground rebonding clay. We take 
the burnt sand that comes from the knock-out conveyor, wet it down 
slightly and add the clay, and mull it for about ten minutes. It is in a 
semi-dry state so that it will go through the feeder readily. It is fed 
slowly and uniformly and is made as lean in clay as possible so as to 
minimize the possibility of segregation. 

MEMBER: What grade of sea coal does the author use, and how does 
he add it to the sand? 

CHARLES Morrison: We grind our own sea coal. It is air floated, 
and we add it to the system raw in order to keep the number of factors 
of control to as few as possible. If it was not for that reason, we would 
add our sea coal mixed with burnt sand. We feed it into the pug mill 
very slowly and uniformly all day. We also weigh the amount of sea coal 
that goes in each day and keep the percentage within narrow limits, as 
we find there is a definite relationship between the pounds of sea coal 
added and the tons of iron poured. 

G. Otson:* Returning to the question of green and dry strength 
bond, I believe Mr. Morrison said it all when he stated that dry strength 


* Illinois Malleable Iron Co., Chicago. 
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is governed to a great extent, if not entirely, by the type of sand used. 
In other words, when he classifies or separates his sand, he gets away 
from the use of fines and extremely coarse sands—his sand is very uni- 
form in grain size. That being the case, all he needs to do is to add the 
proper amount of bond and he will have no trouble with scabs and cuts. 
That is the practical foundryman’s experience. 

We also know that, due to all the troubles that have been found in 
foundries in regard to scabs and so on, we have to investigate the reason 
for these defects. We have gone into the field of testing for dry strength, 
which of course will determine if the sand is the cause. I believe, how- 
ever, that the author hit the nail on the head when he told us that all 
of these experiments with dry-strength bond are not absolutely necessary 
if one starts out with the right kind of bond. 

MEMBER: The value of the sand for the job depends a good deal 
on the character of the clay used. One can get a clay that provides 
so much dry strength as to cause lumpiness of, the sand, or a clay so 
weak as to cause cuts and washes. The proper thing to do is to get a 
clay that fits the job, one that does not cause lumpiness nor cuts and 
washes. 

CHARLES Morrison: Our mechanical setup is of such a nature that 
there is little likelihood of our having lumps in the sand. The shakeout 
sand passes through a vibrating screen and the clay is added to it at 
that time; very often we find that many of the lumps that are in the 
sand come from the clay. In other words, if the clay is screened out, it 
will be found that almost any clay obtainable, no matter what the brand. 
will have a certain amount of lumps in it. If these lumps are not added 
in the first place, they will never get into the sand. With our vibrating 
screens we remove the lumps and also break up any caked sand. 

After the sand is tempered and reconditioned, it passes through the 
revivifier, which breaks up any lumps that are left. Thus, the sand that 
is delivered to the molding hoppers is very uniform and in excellent con- 
dition. We have found, in nearly every case where we have had washes 
or scabs, that the trouble has been caused by one of the following rea- 
sons: Mold improperly rammed, sand too wet, or permeability too low. 
In no case have we found that the cause was lack of dry bond strength. 
Where fine sand is used, it is essential that a narrow spread of grain 
distribution be held in order that the highest permeability may be obtained 
at all times. 

It is my belief that too much stress has been laid upon what is used, 
and not enough stress on how it is used. 

CHAIRMAN Frep L. Wotr:* Mr. Morrison, you have quite rigid spec- 
ifications on your raw coal, sea coal. Do you use any special grade? 
Do you notice any difference from grade to grade? 

CHARLES Morrison: We buy a coal which has a very low ash, and 
we grind it so that 99 per cent passes the 70-mesh screen and 90 per cent 
of it passes the 200-mesh screen. We run tests frequently to be sure 
this screen fineness is maintained. 

CHAIRMAN Frep L. Wor: Is that a high-volatile or low-volatile 
coal? 





* Ohio Brass Co., Mansfield, Ohio. 
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CHARLES Morrison: About 33 per cent volatile. 

MemBeER: Mr. Morrison, I would like to know if you have associated 
a time temperature with a particular kind of core binder? You men- 
tioned some optimum relation of time and temperature in making the 
cores. While I recognize that it varies with the different types of work, 
it would be interesting to know if you have any figures to give us. You 
spoke of baking the cores longer and having a lower binder content. 
What kind of binder have you found most valuable? 

CHARLES Morrison: In our particular case we use core oil prin- 
cipally. We find that we can get along with very little oil if we want 
to bake it a long time. Also, getting back to grain distribution, the sand 
that has the best grain distribution naturally requires less oil because 
it has less surface area to cover, and the coarse sands use less oil be- 
cause they have less surface area to cover. 

Of course, it is not practical to classify core sand, for the simple 
reason that it is too costly; but what one can do is to blend two bank 
sands in such a way as to obtain an intermediate product of the desired 
characteristics. Of course, the amount of baking time and the amount 
of oil used is dependent on the production rate. In other words, if there 
are two core ovens and the operator has to get just so much out of them, 
ohne might have to vary the practice in order to produce the necessary 
quantity of work, whereas, if a longer time were available, one might do 
it another way. 

MemMBER: We have found that for every inch in thickness of the 
core, one hour produces the same core with a ratio of linseed oil of about 
1 to 100. I thought perhaps you had something of that kind in mind. 

CHARLES Morrison: We are doing a lot of work in core baking; but, 
as I mentioned in this paper, if we were to put it in the paper it wenld 
have been so long as to be tedious. It really calls for a separate paper. 
However, there are so many factors in core baking that if they were to 
be taken into consideration we would have to determine the relationship 
in that manner. It is not at all definite because the practice varies from 
day to day. 

The practice varies with the time. We do try to keep the relationship 
of the manner in which the cores are made fairly stable. We do not 
want one core to come along and break up and give up sand into the 
system and the next core to give no sand into the system, because if that 
happens we have lost our control. 

MEMBER: Mr. Morrison, you say you are using two bank sands and 
that you blend them yourself; you have found that that is better in your 
case than buying the sand already blended from the producer. I ask this 
question because it conflicts with what was said a while ago, that we 
like to have one grain size. What do you mean by saying you use two 
bank sands and mix them? 

CHARLES Morrison: We all know some cores have to be open. If 
they are made tight, the castings will be scrap. Consequently, there is 
no way of getting out of making some cores open. In order to make 
them open, a bank sand must be used which is relatively open. Naturally, 
that bank sand will probably be somewhat coarser than the bank sand 
that can be used on cores that do not have to be open. 
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In order to get a sand that falls within a reasonable grain distribu- 
tion range, we pick two bank sands which, when blended together, will 
form a material that has a lot of grains available between our sieves so 
that when we screen it we get the maximum recovery between those sieves. 

MEMBER: Do you screen the sand before you use it? 

CHARLES Morrison: We do not screen our bank sand before we use 
it; we only screen the burnt sand. To screen the bank sand would be 
rather a costly proposition. In choosing these bank sands, we choose them 
somewhat on the basis of their grain distribution; we try to obtain sand 
that falls as much on one screen as possible. We carry the fineness 
number of that sand as high as possible and still maintain the given 
openness of a certain core that has to be open. On the other hand, we 
go to the fine side and try to bring a fine sand on a very narrow band. 
Thus, when we blend the two together and dump the blend into our 
system sand, we get a sand that has the proper grain distribution. In 
other words, our hands are somewhat tied because, in spite of the fact 
that we might want to make all our cores out of the same sand, we 
cannot do it. We have to make some out of a coarser grain in order 
to have it open enough so that the casting will not blow or hot crack. 

MeMBER: The author says that mulling will eliminate this objec- 
tionable condition of lumps in the clay bond. However, that may be 
impracticable. You may not be able to install a muller capable of 
handling 100 to 150 tons in this short time. Has Mr. Morrison had any 
experience with a continuous mulling system? Several such mullers can 
be put into the flow sand system with the sand being mulled as it comes 
through the tunnel on a moving platform. It can be mulled at any given 
rate. 

* CHARLES MorRIsOoN: We have gone into the mulling of our sand quite 
extensively and, after considering all the factors involved—cost of power, 
results, ete——we have come to the conclusion that a batch-type muller 
would not be satisfactory. However, a continuous muller that would not 
require too great an outlay of money, if it is economical to operate, 
might be practicable. 

The figures in this paper were quoted some time ago. Our sand at 
the present time does not carry anywhere near the bond it used to. We 
have found ways and means of dropping off the clay content, although one 
never can get down as low on the clay without mulling as with mulling. 

MEMBER: There seems to be considerable interest in this question of 
dry bond. I wonder if the speaker has found from his experience whether 
there is any difference between a plant having a continuous system in 
which there is no storage of molds and in which they would be drier, 
and a plant having no such system and in which there would be con- 
siderable range of moisture. 

CHARLES Morrison: I believe it would have a more pronounced in- 
fluence on the sand. In other words, the more discrepancies there are 
in the sand, the greater the influence of any single discrepancy. Where 
the tendency is for the sand to become wetter or drier or for the strength 
to vary from one to the other, or where the molds set for a considerable 
length of time, very likely the foundryman will be concerned to a great 
extent with the dry bond strength. 
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We are not bothered with these factors; that is, the molds are poured 
off quite rapidly and, as near as we are able to determine, if we main- 
tain the green bond and keep the sands in proper condition, there seems 
to be no advantage in running the dry bond strength. For instance, we 
have certain clays that claim to have a higher dry bond strength than 
those of another class. They have, but from a practical standpoint we 
get no better results with them than we do with a clay that has a lower 
dry bond. 











Handling and Conditioning of Sand 
in a Small Gray lron Foundry 


By Max A. Amos* anp Rospert W. Grace,j Muskecon, Mica. 


1. In the Fall of 1930 the Standard Automotive Parts Co., 
Muskegon, Mich., was experiencing considerable trouble with mold- 
ing sand. After a thorough study of the situation it was decided 
that the sand must be conditioned. Upon viewing the situation 
from the standpoint of using mechanical equipment, all types were 
studied to fully determine which type would be best suited to ef- 
ficiently and economically handle production. 

2. The production factors involved were, first, sand require- 
ments at peak production; second, sand requirements at approxi- 
mately half production; third, any other condition by which part 
of the equipment would be required and which still would not 
make it necessary to operate the entire system, as would be neces- 
sary if a continuously operating handling system were used, since 
there would be no economy in having a sand-handling system not 
flexible enough for partial operation on a production schedule be- 
low normal. Continuously moving machinery in a foundry wears, 
even if it is not working to capacity. 

3. In addition, business conditions did not warrant an ex- 
penditure of capital for new buildings, so that a system had to be 
selected which would adapt itself to the existing building. 

4. Before explaining the system installed, it is proposed to 
discuss the type of castings made in this plant, and how the sand 
was previously handled. 


Types of Work Produced and Original Conditions 


5. The product of this foundry is cast-iron valve guides. 
These vary in weight from one ounce to over one pound: They 
are not cast solid, as is usually the case, but are cored. Many of 





*Metallurgist, Standard Automotive Parts Co. 
7Foundry Consultant. 
Note: This paper was presented and discussed before the joint A.F.A.- 
A.S.M.E. materials handling session at the 1933 Convention of American Foundry- 
men’s Association. 
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the cores are about the size of a lead pencil and are made from 
lake sand and linseed oil, and reinforced with a wire. On all 
surfaces to be machined, 1/32 inch of stock is provided for finish- 
ing, an operation performed in the plant’s own machining de- 
partment. 

6. The sand was formerly prepared at night by men who 
shook out the molds and moved the castings and wet down the 
shakeout sand with a hose. Then, by means of a small sand mixer, 
the sand was thrown in a heap as close to the molding machine as 
possible, ready for the molder to start work on the following 
morning. 

7. These men had no supervision, and it was found on sev- 
eral occasions that only a small portion of the sand actually passed 
through the mixer. As a result, the sand ranged in moisture con- 
tent anywhere from 6 per cent to 10 per cent, and many times the 
following day some molder would lose a number of copes and a lot 
of his patience before realizing that he had to cut over his heap in 
order to get the sand in a workable condition. 

8. This naturally caused low production and the molder had 
a great deal of unnecessary work to do that the night men had 
been paid for and for which the molder would get no pay. This 
condition also reduced his opportunity to make premiums on a 
piece-work rate, and his scrap for the day increased greatly due 
to the poorly conditioned sand he had used in his molds before 
cutting over the heap. 

9. A large molding machine also is used for making multiple 
stack molds on large production orders. On this machine also con- 
siderable trouble was encountered due to the condition of the sand. 
The sand must be very uniform, a definite volume is required for 
each operation, and it must squeeze to the same depth every time. 
Sand of varying temper fails to do this. 

10. Any foreign material in the sand also causes trouble 
because, if it comes in contact with the automatic sprue cutter, it 
generally breaks the cutter and it then becomes necessary to re- 
place the broken part, which naturally stops production. 

11. The general condition of the sand became such that a 
considerable amount of scrap was found, due to scabs, blows and 
sand inclusions. These defectives were very expensive, because 
most of them were not discovered until well along in the process 
of machining. It is well known that scrap which costs 40 cents 
per pound is very expensive melting stock. 
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Fic. 1—LayoutT oF SAND CONDITIONING EQUIPMENT AND TRAMRAIL SYSTEM. 


Requirements Considered 


12. Before any decision was reached as to how conditions 
could be bettered, a number of methods were considered. The 
first decision was to remove foreign metallic material from the 
sand; this was considered best accomplished with a magnetic sep- 
arator. The next step was the tempering of the sand to put it in 
better condition for the molder’s use. 

13. A number of different types of tempering mills were con- 
sidered, but finally it was decided that a sand mill of the muller 
type was best adapted to the condition. With this, additions of 
new sand and water could be accurately controlled. This settled 
the question of conditioning. 

14. The problem of handling sand was next considered, and 
it was decided that the most practical way would be to use an over- 
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Fic. 2—VIEW OF SAND CONDITIONING ROOM AND EQUIPMENT. 


head tramrail system with sand hoppers suspended on the load 
bars of hand-propelled carriers, which could be moved from the 
conditioning unit to the molding machines. In addition, it was 
decided to study the possibility of reducing the cost of handling 
metal to the pouring floors, and the cost of handling castings to 
the shakeout and cleaning department. This was accomplished 
very satisfactorily and at minimum expense, as it was found that 
the tramrail equipment for handling the sand could be extended 
at a nominal cost to take care of the pouring and shakeout opera- 
tions. 
General Layout 


15. Fig. 1 shows a plan layout of the foundry. The sand 
conditioning equipment (Fig. 2) consists of a shakeout hopper 
A with vibrating screen, a magnetic separator unit, a bucket el- 
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Fic. 3 


MOLDING MACHINE STATIONS WITH SAND CONVEYOR HOPPERS 
Over EACH MACHINE. 


evator B, a suction fan C for removal of fines, a 90-ton sand-storage 
bin D, a measuring hopper E and a muller-type mixing mill F 
with ‘‘squirrel-cage’’ aerator G attached. 

16. On the East side of the foundry is a wing (see Fig. 1) 
in which all sand-conditioning equipment is located. It is cen- 
tralized for ease of operation and economy, an addition being 
necessary to house this department. On the North end and Kast 
side of the foundry the squeeze machines are located, with the 
movable sand hoppers above. This arrangement is shown in Fig. 
3. In the Northwest corner is located the large molding machine 
which makes the multiple stacked molds on large orders. The 
floor behind this machine is served by a tramrail crane for pour- 
ing and shakeout. 


Operating Procedure 


17. As to the operating procedure, the sand first enters the 
conditioning equipment at the shakeout hopper A. It is brought 
here by what is called a shakeout bucket J, which is suspended 
from the tramrail by an extended hand-wheel chain hoist J. To 
deposit the load, the hoist is lowered, and as the sides of the shake- 
out hopper and the bucket come together, the bottom of the 
bucket falls away, being hinged at the sides, and allows the sand 
to flow through. This is shown in Fig. 2, which also gives a good 
view of the conditioning equipment. a 

18. In the shakeout hopper A is a vibrating screen where 
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the large pieces of iron such as sprue, parts of a gate or pieces of 
spilled iron are taken out. If this material were allowed to pass 
through, it would damage the belt on the magnetic separator unit. 

19. Next, the sand goes over the magnetic separator, where 
core wires, shot iron and all magnetic materials that have accumu- 
lated in the sand while in the foundry are removed. 

20. Next the sand, now thoroughly cleaned, falls into the 
boot of an enclosed bucket elevator B and is raised to the 90-ton 
steel storage bin D, where it cools and is ready for conditioning 
the following morning. The bin capacity is greater than the 
amount of sand used in a day’s run at peak production. It is 
fitted with a hopper bottom and double-swing gate K so that sand 
may be easily withdrawn. 

21. Directly below and attached to the bottom of the storage 
bin is a measuring hopper E and below this is the tempering mill 
F with aerator G attached at the discharge gate. From an oper- 
ating floor about five feet above the general floor level, the oper- 
ator controls the gate on the storage bin, the measuring hopper, 
the mill and the aerator. 

22. In preparing a batch of sand, the measuring hopper is 
filled with a thousand pounds of sand and the sand is then dumped 
into the mill, where water and new sand are added to keep the 
sand in proper physical condition. The water is sprayed in from 
a ring of jets located at the top of the mill’s shell and is measured 
by a gasoline-type meter which registers gallons and fractions of 
a gallon. 

23. Hourly, a sample of prepared molding sand is taken to 
the laboratory, where it is tested for moisture, permeability and 
bond. Occasionally a screen test is run on the sand. If a varia- 
tion from standard is found, the operator is told what changes to 
make to obtain the desired results. 

24. The batch is mulled about three minutes and discharged 
through the aerator, the freshly prepared sand falling into the 
movable hopper M, which is suspended on the hand-propelled 
tramrail carrier. This hopper has a capacity of 2000 lbs., or two 
mill batches. It is fitted with a clam-shell gate. The tramrail is 
so arranged that the hopper can be placed directly under the 
aerator to receive the sand. After the second batch has been run 
into the hopper, it is moved onto the tramrail two elevation 
transfer section and electrically hoisted to the upper tramrail 
level. This is shown in Fig. 4. 
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Fig. 4—ELeEvATING CONVEYOR Hoprer M TO TRAMRAIL DISTRIBUTING SYSTEM. 


25. From there it is easily pushed by hand along the mold- 
ing-sand track and left momentarily at a point beyond a switch 
which connects with a storage-line track above the squeeze machine 
requiring sand. The empty hopper is then removed and the 
loaded hopper pushed into position on the track above the par- 
ticular squeeze machine. This transfer of hoppers requires very 
little time, and the operator then returns to the mill with the 
empty hopper for another load. Thus, a ton of sand has been 
conditioned and transported. 

26. This places the sand over the molding machine so that 
it may be dropped into the flasks as needed. Shoveling has been 
eliminated, except between loads. This has worked out very sat- 
isfactorily because it is not possible to avoid spilling some sand 
on the floor when making a mold, and what is spilled can be used 
to make a mold or two while the empty hopper is being replaced 
by a full one. In this way the molder is not held up for lack of 
sand. 
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27. Seven molders are employed on 12x17 flask work, each 
making 180 molds per day; one molder on the molding machine 
with steel flasks for stack work, who makes 350 molds per day; 
and one job molder, making 50 miscellaneous molds per day. 
Complete molds are set in rows; after the molder has put up his 
floor, he pours it off and is through for the day. Under present 
conditions, the output of castings is less than five tons daily, re- 
quiring the handling of 42.7 short tons of sand. 

28. The molds are allowed to steam for about two hours to 
dry out the sand before shaking out. This aids in getting the sand 
through the conditioning equipment, and the fan does a better 
job of removing fines. Also, the sand is cool when used the fol- 
lowing day, eliminating sand sticking to cold patterns. 

29. The night men come in at the proper time and begin 
shaking out the molds. The shakeout bucket is brought to the 
floor to be worked on, and the molds, which are on bottom boards, 
are picked up one at a time and dumped into the bucket. The 
castings are hooked out and dropped into another container. 
When the shakeout bucket is filled, the load is pushed to the 
shakeout hopper and dropped. This completes the cycle of opera- 
tion. 

Removing Fines from the Sand 


30. The first and only great problem encountered in operat- 
ing this system was that of fines. In milling the sand that had 
been in heaps previous to the installation, it was found that the 
permeability dropped sharply and the bond increased. Not stop- 
ping to consider that milling the sand broke up compound grains 
which had formed in the heaps due to excess water, sand with high 
permeability and low bond was added in an effort to remedy the 
situation. This reduced the bond but affected the permeability 
very little. 

31. On making screen analyses of the sand it was found 
that the sand had a large percentage of fines, which were increas- 
ing daily, no doubt due to milling. This not only gave a low 
permeability, but the sand was brittle when it was made into 
molds. 

32. The conclusion then was reached that there was no way 
out but to remoye the fines. This was accomplished by means of a 
suction fan with large volume and low velocity. The inlet was 
placed in the casing of the bucket elevator, midway between top 
and bottom, to pick up the fines where they first floated in the 
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air. This proved successful and the sand soon returned to a 
normal condition. 


33. Controlling the consistency of the sand proved to be a 
great help, as scrap now is only a fraction of what it was form- 
erly. The moisture content of the sand seldom varies more than 
two-tenths of one per cent, plus or minus. The compression bond 
readings of the sand are almost constant and vary only as the 
moisture content varies, and seldom do the molders complain that 
the sand is at fault. The castings seldom show sand inclusions, 
and then the trouble usually is due to carelessness. There are very 
few copes dropped, and troubles on the large molding . machine 
are greatly reduced. 


Cost Comparison 


34. Following is a comparison of the cost of handling 42.7 
short tons of sand with the system. The allowance for deprecia- 
tion, interest on investment, insurance, taxes, light and power 
totals $1744.44 per year, or $5.81 per day when figured on the 
basis of 300 working days. The direct labor cost of the man han- 
dling the mill and shifting the hoppers is $3.15, and the labor of 
the shakeout men is $11.07 per night. As mentioned before, the 
shakeout men get the sand back to the receiving hopper of the 
storage bin and leave the castings knocked off and the sprues in 
separate containers, so that the molders are ready to start work 
in the morning immediately upon their arrival. The total cost of 
the above shakeout labor and mill labor, plus the overhead, amounts 
to $20.03 per working day, or $0.468 per ton, or $0.012 per mold. 

35. Before this equipment was installed, the shakeout men 
cut the sand with a sand cutter, tempered it with a hose and left 
it in piles for the molders, and were paid $24.90 per night for this 
work. Dividing this amount of 42.7 tons of sand handled gave a 
cost for preparing the sand, under the old method, of $0.583 per 
ton, or $0.015 per mold. 

36. Thus, milled and carefully prepared sand now is ob- 
tained in a very fine condition for about 12¢ per ton less than 
for the very poorly prepared and unsatisfactory sand formerly 
obtained under the old method. Any foundry executive will ap- 
preciate that, in addition to effecting a saving of 12¢ per ton by 
properly conditioning and handling the sand, the saving made in 
reduction of casting losses, ete., is an important factor. Also, 
about three carloads of sand are being saved per year, since only 
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about 10 per cent as much fresh sand is being used now as was 
formerly used under the old arrangement. 

37. The system as now installed is capable of taking care 
of three additional molders, or an increase of 33 per cent in 
foundry activity, which would run the sand requirements to 57.27 
net tons per day. To do this, the plant would expect to add one 
more man who would transfer the loaded and empty hoppers, leav- 
ing the present man devoting all of his time to the loading and 
operation of the mixer. This would increase the cost of handling 
and preparing sand to 47e¢ per ton, or $0.01226 per mold, a very 
slight increase over the cost with the present layout. 

38. However, this additional man would be in a position to 
deliver sand to more molders, so that the total cost per ton would 
drop if it was found necessary to employ over twelve molders. It 
probably would be found necessary to install a larger mill if more 
than twelve molders were employed, and if this were done, the 
present sand-storage hopper with the new mill would have enough 
capacity for sixteen molders, so that the total cost of handling and 
preparing sand would be brought down below 40c per net ton. 

39. The authors desire to say, in conclusion, that since oper- 
ating this system we have been very much pleased with its per- 
formance. General conditions of the foundry have been materially 
improved from the standpoint of cleanliness and orderly arrange- 
ment. Production per man has increased and there seems to be 
an element of satisfaction among the molders that did not exist 
before. It is our opinion that a system such as this could be 
used in a great many foundries, regardless of the work, as it is 
very flexible and could be installed in units which would lend 
themselves to varying production schedules. 


(Discussion of this paper begins on neat page.) 
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DISCUSSION 

M. A. Amos (In presenting his paper, Mr. Amos added the following 
remarks): Not many of these castings weigh one ounce; only a very 
few do. The average casting weighs between 3 and 4 ounces. 

We have very large additions of core sand through the cores. Every 
casting that is made has a core through it, and although the cores are 
not very large, neither are the castings. Thus, we get considerable 
adulteration from core sand, and we find that the muller bonds this core 
sand that goes into the shakeout sand much better. 

I would like to amend the statement about flask sizes. Although 
most of our flasks are 12x 17 inch flasks, we also use 12 x 13 inch, 12x18 
inch and 10x18 inch flasks; the majority of the work, however, is made 
in 12x17 flasks. 

We have been using about 10 per cent as much sand as we did under 
the old conditions, but we have only had about 40 per cent as much 
business. Figuring our saving, we probably are using about 25 per cent 
as much sand as we did under the old arrangement. 

If we had had the larger mill in the first place, very likely one man 
could take care of the 12 molders alone, because it would only necessitate 
one batch of sand per hopper, where now there are two. 

About the saving of scrap losses, I looked back through the records 
for a period of several years and found that previous to the installation 
of this system, our average scrap as found in the machine shop was 7.4 
per cent; for the period since it was installed, about 2 years, the average 
has been 3.5 per cent. We hope to get this still lower. 

MEMBER: Why do you leave the castings in the sand for such a 
long time? Is it a matter of the labor available, or of improving the 
castings? é 

M. A. Amos: The principal reason was to dry the sand to get the 
fines out, although, after we had the fines under control, we did not 
follow that practice through. In fact, at the present time, when the 
weather is hot, the molds are sprayed down before they are shaken out, 
so as to make it cooler for the shakeout men. In the first place, when 
the fines were bothering us considerably, the molds were allowed to dry 
out thoroughly, and were pretty dry when shaken out. 

MEMBER: How do you handle the molds when they leave the molding 
machine? 

M. A. Amos: They are poured in floors; they are walked out. 

MeMBER: Would not that system pay for itself still more if you 
had something on which to lay the molds? 

M. A. Amos: Possibly, if we could pour on a continuous basis; re- 
member, however, that we are only pouring five tons and melting it with 
a cupola. 

MemBeER: I should think, from my observations, that a man spends 
an average of half a minute per mold running them out, and walks about 
10 or 15 miles a day. We have found that is quite a fatigue element. 

M. A. Amos: Some day we may possibly have a continuous foundry, 
which I think would work much better with this system. 
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MEMBER: The reason why I asked that question is that in our own 
foundry we pour twice a day and we use gravity rolls. We allow a man 
to stack up on the floor, and we figure that saves him about 25 per cent 
of his time. 


M. A. AMos: How many tons do you pour daily? 


MEMBER: Up until a month or two ago, I believe we were pouring 
about five tons; ours is a malleable plant. 


CHAIRMAN J. B. Wess:* Mr. Amos, what do you call a “fine”’— 
what mesh screen? 


M. A. Amos: Material that will past a 270 mesh. We do not elimi- 
nate this material entirely; probably, the way our sand runs, we have 
about 7 per cent of fines. We carry that much, not because we need to, 
but because we have had no difficulty with that much. 


CHAIRMAN J. B. Wess: What percentage of new sand, roughly, do 
you have to add to the old batch? Of course, that would vary with what 
you mix. 

M. A. Amos: That is a hard question to answer; it varies. One 
special feature in connection with this installation is that we have dif- 
ferent types of jobs which require different sands, and this is made up 
to order as each individual molder wants it. If we have a job that re- 
quires a particularly strong sand, he gets it. 


CHAIRMAN J. B. WEBB: What do you mean by strong sand? 


M. A. Amos: High bond, high strength—that is, more clay. Also, 
once in a while the job molder makes a large casting for which he needs 
a more open sand, a sand of higher permeability, and that is easily 
obtained. 


A. F. ANJESKEY:+ Mr. Amos, what do you mean by “fines?” You 
mentioned in your paper that the fines were probably caused by the 
mulling operation. Didn’t you have trouble with fines before you actually 
went to mulling? 


M. A. Amos: No, we did not; then, we had an entirely different 
condition. There is not much mixing action to most small sand mixers 
or sand cutters, and a good deal of the time the sand was worked very 
wet in order to get it into condition so the molders could use it. Also, 
there was a compounding of the grains, that is, several grains cementing 
themselves together, and much of the burnt clay no doubt entered there. 
Upon mulling, these compound grains were broken up into individual 
grains; then, of course, this burnt clay loosened, and there were broken- 
off pieces of small silica sand which would be below the 270 mesh. These 
were the fines which we removed. 

MemBeER: Is there a large percentage of fines? Have you any idea 
how much weight of fines per day you get? 


M. A. Amos: We reduced the amount from about 21 per cent down 
to 7 per cent. Those figures are by weight. 








* Jervis B. Webb Co., Detroit. 
+ Cleveland Crane & Engineering Co., Tramrail Div., Cleveland. 
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MEMBER: Do you use a slip flask or a steel flask, and do you have 
slip jackets on pouring? 


M. A. Amos: We use a cherry snap flask. On some of the heavier 
jobs, where the pattern comes close to the edge, we use slip jackets, 
although the majority of the jobs are poured without jackets. The larger 
tappet guides and similar jobs are poured with jackets. I might add 
that there are many jobs on which we formerly used these jackets, on 
which we do not use them now since we conditioned the sand. 

MemMBER: You mean that you put them in a larger flask? 

M. A. Amos: No, we do not use larger flasks, but now the sand 
holds up better and the metal does not break out. Formerly, there were 
many jobs on which it was thought necessary to use the slip jackets in 
order to pour; on these the jackets now are being entirely left off. The 
bond strength of the sand does run considerably higher than it did before. 

MEMBER: In connection with the fatigue of the molder in walking 
from the location of the hopper back to the end of the floor, do you think 
it would be possible, if the hopper was run parallel to the floor (that is, 
run the length of the floor), that that would relieve the fatigue to some 
extent? 

M. A. Amos: We have considered having the molding machine run 
on the tramrail track and the hopper following it up, although we have 
not done anything along those lines as yet. Possibly, when business con- 
ditions improve, that will be followed up. I believe it would work out 
very nicely. 

MEMBER: When it comes to pouring off, you must have to employ 
extra help, don’t you? 

M. A. Amos: The molders pour off their own floors, but we call in 
shifters from the shop. Of course, we have plenty of help in the cleaning 
room that goes to the foundry during the pour-off. The castings all have 
to be snagged on both ends, and there is considerable snagging labor. 

MemBeER: Is there any trouble in connection with the sand arching 
in the hoppers over the molding machines? 

M. A. Amos: Yes, we have some difficulty there. We have a very 
poorly designed hopper for the flowability of the sand; due to the low 
headroom in the foundry, we have a fairly steep angle on the hoppers. 
To some extent we cured this trouble by placing chains in the hoppers, 
the chains being suspended from the top with springs. This seems to 
break down the sand, and it flows out rather well; before this was done, 
however, we had considerable difficulty. 

The chains are quite similar to the side chains of automobile skid 
chains. They are suspended by springs from the cross-bars across the 
top of the hopper and are fastened at the bottom of the gate, which is of 
the clam-shell type. When the gate opens up, the chain saws through 
the sand. Also, there is considerable shock when the gate is closed, as 
there is considerable tension in the chain springs, and closing the gate 
jars the whole hopper. 


MeMBER: Is your main storage bin outside, or in the roof? 








DISCUSSION 157 


M. A. Amos: We have a separate building unit in which all this 
conditioning equipment is located. There is a building built around this, 
and the roof to the tank is the roof to the building. We have no trouble 
from freezing. The sand is dry when it goes in, and there is plenty of 
heat inside. In fact, during dull periods when we had occasion to run 
one day a week, and during very cold weather when the sand stood from 
Monday night until the following Monday morning, there was no bridg- 
ing due to freezing. 

MemMBeER: Are you using a natural bonded sand or synthetic sand? 

M. A. Amos: We use an entirely natural bonded sand at present. 
We had a stock of sand on hand which we have not exhausted. I expect 
that when that is gone we will probably go to a synthetic sand. 











Effect of Silt on the Bonding 
Strength of Sand’ 


By H. Ries} anp R. C. Hiuus,** Irmaca, N. Y. 


1. As is more or less well-known, the ‘‘clay’’ separated in 


the A.F.A. fineness test is a mixture of true clay particles and 
silt. In the elutriation method these two particle sizes are sup- 
posed to be separated, although the accuracy of this separation 
may sometimes be questioned, since the factor of water tempera- 
ture usually appears to be neglected. The question, however, 
arises whether clay and silt should be determined collectively in 
a fineness test and regarded as bond. 

2. Should it be desirable, for practical or other reasons, to 
determine true clay and silt separately, the writers do not advo- 
eate using the elutriation method, as there are others which are 
accurate, shorter and require much less water. Moreover, they 
permit the use of distilled water, which is essential for accurate 
work. 

3. There is no doubt that true clay serves as a bonding 
medium; but can we be sure that silt does? If the silt has no 
bonding value, or much less strength than the clay particles, it 
might explain why two sands with approximately the same A.F.A. 
clay content and about the same grain distribution, may differ 
in their bonding strength. 

4. In order to obtain some information on the effect of silt, 
the writers prepared a number of synthetic mixtures consisting of 
clean silica sand, clay and silt. The character of the ingredients 
used is given below. 

5. Clay. The material selected for this series of tests was 
a bentonite containing 99 plus per cent colloidal matter as de- 
termined by both the pipette and hydrometer methods. 





*This investigation was carried on with the aid of a Heckscher grant from 
Cornell University, Ithaca, N. Y. 

Department of Geology, Cornell University. 

**Department of Geology, Cornell University. 

Note: This paper was presented and discussed before one of the sand 
sessions at the 1933 Convention of American Foundrymen’s Association. 
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6. Silica Sand. Two different sizes of Ottawa silica sand 
were used. For the one series a 20-30 mesh (99.5 per cent on No. 
30 sieve), round-grained sand was selected. For the second series, 
Ottawa banding sand was used, the sieve test of which gave the 
following : 


BM oo vc cen deenw ect ees 0.09 per cent 
a See 0.28 per cent 
Ne LG ee dog acs 06 oar eee 1.85 per cent 
N.S 5 544.65 Kekemaemee 37.66 per cent 
os kent cies kamen 28.56 per cent 
RE SS errs o7? 18.90 per cent 
Sas ks 3 eke wee pete 7.98 per cent 
NS ices cacenp aie 4.72 per cent 





100.04 per cent 


7. Silt. The grain sizes usually included under this term 
range from 0.01 mm. to 0.05 mm. in diameter, although it is 
probable that the smaller size is a little too large and that 0.008 
mm. grains should be included. 

8. Since it was impossible to obtain any natural product 
whose grains were all included in this size range, the next best 
thing was to select materials which had a preponderance of the 
proper sized grains, and to separate as completely as possible all 
those which were larger or smaller than the desired size. Two 
samples of silt were therefore prepared artificially. 

9. One of these samples was obtained from a grade of ground 
silica sand known as Jasper silica, kindly supplied to us by the 
Pennsylvania Sand Co. This was composed of clean silica grains. 
The second type was separated from the VanHoesen sand sup- 
plied us by Whitehead Bros. The grains of this silt have a sur- 
face film of iron oxide, and the two types were used in order to 
determine if possible whether the iron-stained grains showed 
greater adhesiveness than the clean silica grains. 

10. Each of these materials was stirred with water to which 
some NaOH had been added, and then allowed to stand until 
everything but clay had settled out, the process being repeated a 
number of times. After removal of the clay, the sand grains 
larger than silt were separated. 

11. Detailed measurement of the particle sizes of these two 
silts, as determined by the hydrometer method, are given in Table 1. 
These analyses indicate that the grains of these two silts are prac- 
tically within the proper range for that size material. 
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Table 1 
PARTICLE S1zES OF SILT SAMPLES TESTED 

~——— Silica Silt————_, -———Van Hoesen Silt———_, 

Percent. Size, mm. Percent. Size, mm. 
100.0 finer than 0.053 100.0 finer than 0.053 
78.1 3 sd 0.050 96.0 y = 0.050 
we. “ 0.045 ae... “ 0.043 
ae * “« Cee ios * “0.035 
51.1 es «. @285 he “« — 0.029 
459 * “ ©6088 40.0 * “0.025 
Pe “ 0.024 eli! “« @622 
35.1 5; “ @¢Ge se OC “« @Gez1 
aa «  @618 ae C* “« 0.019 
ys he “« Ges 10 | “ @@is 
16.1 " “« 0.012 14,1 ¥ “0.015 
+ “« €030 2 “« G82 
— * 0.008 10.1 “4 «0.010 


0.1 sh * 0.008 


Method of Mixing. 

12. The ingredients were first hand-mixed dry. Following 
this they were mixed dry for 5 minutes in a laboratory muller, 
after which the moisture was added and the mixing continued for 
another five minutes. The samples were then placed in closed jars 
and allowed to stand for 24 hours. 


Testing. 

13. When ready to test, a sample was taken for moisture 
determination, and other lots were used for compression, tensile 
and permeability tests. The compression tests were run on both 
the Adams and Dietert (motor-driven) machines, and the figures 
given for both compression and tension are in all cases the aver- 
age of 3 determinations. Permeability was determined by the 
standard A.F.A. method. The tests on the two compression ma- 
chines were in very close agreement, although the strength deter- 
mined by the Dietert apparatus was invariably slightly higher. 
All the mixtures were tested at 3 moisture contents. 


Mixtures Used. 
14. The mixtures used contained the following: 


10% silt 

9% silt 1% bentonite clay 
7% silt 3% bentonite clay 
5% silt 5% bentonite clay 


5% bentonite clay 
10% bentonite clay 
This series was used with both sands and both kinds of silt. 
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Results. 

15. The results of the tests are shown in the accompanying 
graphs, Figs. 1 to 8, inclusive, on which are plotted the compres- 
sion, tensile strength and permeability of the mixtures tested at 


different moisture contents. 
16. Comparing Figs. 1 and 2, representing mixtures contain- 
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Fig. 1-—STANDARD SAND. COMPRESSIVE STRENGTH AS AFFECTED BY SILT AND 
MOISTURE CONTENT. 
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Fic. 2—STANDARD SAND. TENSILE STRENGTH AS AFFECTED 
MOISTURE CONTENT. 
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Fic. 3—BANpDING SAND. COMPRESSIVE STRENGTH AS AFFECTED BY SILT AND 
MOISTURE CONTENT. 
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Fig. 4—BANDING SAND. TENSILE STRENGTH AS AFFECTED BY SILT AND 
MOISTURE CONTENT. 
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Fig. 5—STANDARD SAND. PERMEABILITY AS AFFECTED BY MOISTURE 
CONTENT. 


ing 20-30 sand, it will be noticed that both compression and ten- 
sile strength fell off with an increase of silt, but that the 5-5 clay- 
silt mixture showed a higher strength than the sand with 5 per 
cent of clay alone. The 10 per cent silt mixture had no green 
strength. In évery case, the natural silt grains whose surface was 
coated by a film of iron oxide gave higher strength than the clean 
silica grains. . 

17. Comparing Figs. 3 and 4 representing the banding sand 
mixtures, we find the results not quite as expected. The compres- 
sion tests with the banding sand were similar to those already 
obtained with the coarser sand, except in the 1 per cent clay-9 
per cent silt mixtures, which ran at least a pound per square inch 
higher. The 10 per cent silt with banding sand gave about 11% 
Ibs. compression strength, as against zero for the coarser sand ; the 
mixture also had sufficient tensile strength to be tested. 

18. Referring to the permeability tests as shown in Figs. 5 
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Fig. 6—BANDING SAND. PERMEABILITY AS AFFECTED BY MOISTURE CONTENT. 














Fig. 7—MIXxTURES OF STANDARD SAND, SILT AND CLAY. COMPRESSIVE STRENGTH 
AS AFFECTED BY MOISTURE CONTENT. 
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Fig. 8-—MIxTURES OF BANDING SAND, SILT AND CLAY. COMPRESSIVE STRENGTH 
AS AFFECTED BY MOISTURE CONTENT. 


and 6, the effect of the texture of the sand is obvious, it being very 
much higher with the 20-30 sand. 

19. One interesting comparison is to be made between the 
strength and permeability tests. In the strength test the natural 
silt always gave higher results than the silica silt. In the perme- 
ability tests this held true for the coarser Ottawa sand, but it was 
the reverse for the banding sand. 

20. In Figs. 7 and 8 the compressive strengths are given, 
arranged in the order of descending silt content, with separate 
curves for each per cent of moisture used. Here it will be ob- 
served that strength decreases as silt increases, but in the case of 
the 20-30 sand the lines converge, while with the banding sand 
they remain more nearly parallel. 


CONCLUSIONS 


21. From these preliminary experiments the following de- 
ductions would seem possible : 
(1) An inerease in the silt content of a sand 
appears to lower its compressive and tensile strength. 
(2) A fine-grained sand will stand the addition 
of more silt than a coarse-grained sand, without serious 
loss of strength. 
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(83) Clean silica silt has less bonding power than 
natural silt, whose grains are apparently covered by a 
coating of colloidal iron oxide. 

(4) In the mixtures used, and within the moisture 
limits of 4 to 8 per cent, the strength and permea- 
bility always dropped with an increase of moisture. 

22. It is the intention of the authors to carry out further 
tests using other types of clay and sand mixtures. 


DISCUSSION 


H. W. Drerert:* Dr. Ries mentioned the hydrometer method. Is 
that the Bouyoucas test? 

Dr. H. Ries: The hydrometer method used was that described by 
A. Casagrande of the Massachusetts Institute of Technology. It works 
well and is somewhat more refined than the Bouyoucas method, I believe. 

L. H. MarsHAtt:+ Dr. Ries’ charts showed that the strength of the 
sands containing 5 per cent silt and 5 per cent bentonite were higher 
than those containing 5 per cent bentonite alone. I wonder if that would 
be true if the optimum strengths were considered. 

Dr. H. Ries: The mixtures were not tested with less than 4 per 
cent moisture, and I cannot answer that point as yet. 


*U. S. Radiator Corp., Detroit. 
+ L. H. Marshall Co., Columbus, Ohio. 








Application of A.F.A. Sand Testing 
by the Producer 


By C. M. Harpy,* Evansviiie, Inn. 


Abstract 


To secure uniform results in sand control in the foundry, 
the shipment of the sand from the producer should be uniform. 
To secure uniformity, the producer must test all shipments for 
permeability, strength, clay content and grain distribution. 
Since practically all sand deposits vary from layer to layer, 
these variations must be taken into account in selection and 
milling to meet shipping requirements. The author lists toler- 
ances of the various properties which are allowable, and gives 
representative analyses of various types of sands. 


1. The American Foundrymen’s Association has gone far 
into the subject of sand control from the foundryman’s point of 
view; much has been said and written on the subject as applied 
to foundry practice. Little has been said, however, of the im- 
portance of controlling molding sand at is source. 


Uniformity Essential in Sand Shipments 


2. Unless sand is accurately produced and shipments are 
uniform,.the foundryman will have difficulty in controlling his 
heaps, and losses are certain to occur in the shop. It is a much 
simpler matter to control heaps with sand of known uniformity 
than to attempt control with an unknown, non-uniform product. 

3. To secure this uniformity in the sand as shipped, it is 
necessary that the producer analyze every shipment for permeabil- 
ity, strength, clay content, grain distribution and moisture. It is 
not enough that one test be made on each ear, but frequent tests 
must be made for permeability and strengths which will show 
if the desired analysis is being maintained. 
~~ ® President, Houghland & Hardy, and Hardy Sand Co. 


Note: This paper was presented before one of the sand sessions at the 
1933 Convention of American Foundrymen’s Association. 
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4. A record of all tests should be filed for future reference, 
of course. The producer should always refer to records of past 
shipments when filling orders. This is essential because if the 
foundry, carefully controlling its sand, attempts to use molding 
sand of non-uniform grade, its time and efforts are largely wasted. 


Sand Deposits Show Variations 


5. Practically all molding sand deposits are non-uniform 
when considered as a whole. The grain structure of the deposit 
may be rather uniform but vary greatly in clay content, strength 
and permeability ; others may even vary in grain structure, espe- 
cially in pan material. 

6. In some cases, it had been noted that, as the pit is extended 
either farther along the sand structure or into it, the deeper the 
top soil covering the sand, the greater will be the clay content of 
the underlying sand itself. The higher levels of such a deposit 
usually carry a much greater clay content than the underlying 
stratas, although the grain structure may remain practically the 
same, while the bottom layers often will have a very low clay con- 
tent and little strength, in some instances running into the sand’s 
natural silicates, free of clay except for the coating that Nature 
has caused to adhere to each silica grain. In the above-mentioned 
cases, of course, permeability increases and strengths decrease as 
tests proceed farther down the pit. 

7. The exact opposite is true of other deposits, the sand near 
the top containing the low clay and the underlaying stratas increas- 
ing in clay and strength with lower permeability farther down. 
In still other deposits the strata of molding sand is very shallow 
and almost uniform in analyses from top to bottom at any given 
place, but varies with the topography of the land in clay content, 
strengths and permeability. 

8. It is these varying conditions, even in adjacent sand struc- 
tures, that make constant testing necessary. Should the producer 
neglect this most important work, or fail to overcome or offset these 
irregularities, the consumer pays for the negligence with mount- 
ing shop costs. 


Securing Uniformity in Shipments 


9. Keeping deposit variations in mind, the producer is 
obliged, if uniformity in component parts is to be furnished, to 
work out a method whereby he has a pre-determined analysis of 
the permeability, clay content, strengths and grain distribution of 
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the entire deposit, and to maintain a well-ordered chart. As the 
topography of the land changes during the shipping process, so 
does the analysis of the pit change. Therefore, it is necessary to 
have accurate knowledge of the structure at all times, and not alone 
as to conditions a month or a week ago. 

10. Some ‘‘soft’’ molding sands do not require milling but 
give good results merely by the careful removal of analyzed stratas, 
working from a pre-determined analysis. Most sands, however, 
are improved by milling and aeration. 

11. The producer is fortunate who has deposits of various 
light, medium and heavy grades in which each grade may be 
obtained in different clays, permeabilities and strengths, together 
with the natural silicates of each sand—and all within a radius 
enabling the producer to deliver them to one central mill where 
they may be blended. In such cases, where the analysis of each 
deposit is known, the producer can bring like grades of different 
analysis and blend them in various ratio so that the results will 
meet a prescribed analysis, or where he may put together different 
types of sand of known analysis to meet certain specifications. The 
producer’s limitations are only circumscribed by the character 
and kinds of his various deposits. 

12. It is certain that if molding sand is to be uniform and 
produced to meet definite specifications, it is necessary to have 
some very accurate way to proportion the different sands and nat- 
ural silicates so as to bring them together simultaneously in the 
direct ratio each kind of material bears to the whole. 


Visual Inspection Unreliable 


13. The presenting of molding sand to the foundryman by 
the old ‘‘rule of thumb’’ method—consisting of taking a well- 
chosen, nicely tempered sample of sand that has been carefully 
rubbed through the hands, put in a container and handed to the 
foundryman who has only the look and feel of the sand to judge 
by—has largely disappeared. There is no question but that it is 
an advantage to the foundryman to see the sample of sand being 
talked about, and that it is also necessary to furnish him with the 
analysis of that sample. 

14. The appearance of molding sand often is very deceiving. 
For instance, a sand judged by look and feel only may appear to 
be open and of good permeability, whereas it is not because of its 
high pan material. Another sand may appear to be tighter and 
lacking in permeability, when as a matter of fact it is open due 








170 A.F.A. SAND TESTING BY THE PRODUCER 


to its uniform grain distribution and low percentage of fines or 
pan material. This cannot be determined by observation or feel. 

15. There is another good reason why sand should be sold 
by analysis. Many old and reliable concerns in different states 
and districts have developed sand deposits and by very careful, 
conscientious and painstaking methods of production have made 
the sands they produce from these various deposits famous in the 
foundry world. By custom, these sands, instead of being known 
generally to the foundry trade by grade number or trade name, 
often are classified to a great extent by the name of the district 
in which they are produced. Their merits and analyses have been 
discussed from time to time both pro and con, and their values 
have become entrenched in the minds of foundrymen. 

16. It is not uncommon, however, for sand to be offered to 
foundries as being produced from near these well-known districts 
with the claim that they are the same as such and such a sand, 
and some special inducement offered to foundrymen to get an 
order. It is often true that the general appearance of the sand 
is close to what it is supposed to duplicate, but the methods used 
in the production are often haphazard and without regard to 
analysis. Probably no guaranteed analysis is presented, but the 
inference is made in selling, that the analysis is the same as a 
certain sand intended to be duplicated, and the inducement may 
be such that an order is given. 

17. However, when the car arrives and the sand is used, the 
foundryman often finds himself the victim of a shrewd salesman. 
Had the material been bought on a guaranteed analysis, that loss 
could have been saved. 


Advantages of Buying by Analysis 


18. Some may ask ‘‘What is the advantage of buying by 
analysis when we do not have testing equipment in our foundry ?”’ 
The A.F.A. terms and analyses are the grounds on which producer 
and foundryman meet understandingly. There are very few 
foundrymen today who are not familiar with the A.F.A. terms of 
permeability, strength, clay content, grain distribution, pan ma- 
terial and moisture content, and their direct relation to castings. 
Foundrymen have a definite idea of what they want—they are 
discussing their difficulties and exchanging ideas on one phase or 
another of their problems, and reading the many bulletins and ree- 
ommendations of the A.F.A. 

19. Consequently, in ordering from any producer it is to the 
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advantage of the foundryman that he be familiar with A.F.A. test- 
ing and specifications.* In turn, he rightly expects the producer 
to have a comprehensive understanding of these terms and their 
application to his molding sand problems. 

20. In filling an order, the producer should bear in mind 
that a molding sand produced in the Albany or Eastern district, 
of a given clay content, permeability, strength and grain structure, 
will give a different result from a sand of the same analysis origi- 
nating in the Middlewest or South. In other words, three differ- 
ent results in the foundry will be noticed on sands of the same 
A.F.A. analysis from these widely separately districts. All pro- 
ducers should understand these conditions and know what compen- 
sating change in the analysis of their own sand is required to give 
the same service as a sand from a different district. Very prob- 
ably the foundryman ordering is not acquainted with this fact, 
but the producer should advise him of any suggested change in 
analysis and furnish that analysis for the buyer’s records. 


TOLERANCES IN SPECIFICATIONS 


21. <A wide shipping tolerance in specifications should not be 
necessary for the producer who has a careful and accurate control 
of his sand and adequate facilities for loading, milling, blending 
and proportioning it. The closer shipments can be held to given © 
specifications that have proven successful in actual foundry prac- 
tice, the less grief there will be in the foundry. 

22. The tolerances discussed below are based on sand being 
tested at a given moisture. A moisture content of 6144 to 74% per 
cent is considered by many to be a good moisture content from 
which to work. When moisture content varies, permeability and 
strengths also vary. 


Clay Content. 

23. A producer should not consider it unreasonable to be 
required to ship a sand with a specification calling for a clay 
content within a tolerance or variation from a designated percent- 
age of a total of 3 points, that is, 114 points either above or below 
a given specification. To illustrate, let us say the specified clay 
content on an order was 15 per cent. In this ease the clay content 
in the car should not be lower than 131% per cent, nor greater 
than 161% per cent. 


* Testing and Grading Foundry Sands, American Foundrymen’s Association, 
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Green Strength—Light, Medium and Heavy Sands. 

24. Shear. It should not be difficult to control the green 
shear strength of light, medium and heavy sands within 0.6 lb. 
In other words, if a green shear strength specification called for 
2.5 lbs., the tolerance should be within 2.2 lbs. to 2.8 lbs., or within 
0.3 lb. either above or below the given specification. 

25. Compression. Likewise, the green compression strength 
of the same sands should be controllable within a tolerance or 
variation of 1 lb., or 0.5 lb. above or below a given specification. 

26. Table 1 gives examples of sands ranging from the light 


Table 1 
ANALYSES OF REPRESENTATIVE SANDS* RANGING FROM LIGHT OPEN TO 
Extra Heavy TYPES 


Example A B C D E F 
Light Medium Medium Medium Extra 
Open Tight Open Heavy Heavy Heavy 
Type. Sand. Sand. Sand. Sand. Sand. Sand. 
Moisture, per cent......... 7.5 7.2 7.0 7.5 7.5 7.3 
Bo rrr 20 18.8 38.2 60 140 500 


Green Shear Strength, lbs... 1.3 2.5 2.0 2.8 3.8 2.0 
Green Compression Strength, 


Phd seu Wolo dee Reed «RiEs 6.0 9.0 9.0 10.0 14.8 11.0 
Dry Shear Strength, Ibs.... 5.0 10.0 8.0 8.0 8.0 12.0 
Dry Compression Strength, 

el RES ey 25.0 44.0 36.0 44.0 45.5 65.0 
Calcium oxide .............None None None None None — 
Fusion Temperature, degs. 

See eee Ae 3092 2840 3038 2786 2894 -~ 


Note: “A,” sand from pit, being blended or milled. 
“B,” “D” and “E,” sands from pit. 


“C,” blended sand. 
The specimens were screened through common fly screen onto oilcloth 


which was folded back and forth several times to mix. 

eS ge ae ee 13.2 17.6 18.0 18.0 18.0 18.0 
Per cent Grains Remaining 
on Screens of Mesh No. 





_ SE Ey Seen errr. Pr et — — _— _— — 3.2 
Ae eee re ee — _— _— —_ _ 10.8 
A ere ee Tor te — — — 2.20 23.8 
WP eae 6 e405 vileae Wives w.s- — 0.04 1.60 1.60 13.60 31.6 
MG Paine be wed Taal togs 0.20 14.20 2060 4040 47.00 10.4 

_ aS eee Tren eee ree 0.60 17.60 27.60 1240 10.60 0.8 
RE Sere ner See eee 21.80 12.60 11.60 6.00 3.40 0.6 
rere ree ree 58.00 9.40 8.00 5.40 1.80 0.4 
DO ene ke loa pee seb eens 2.20 7.20 2.80 3.40 0.60 0.2 
Boe SW Vetedesecsssewes 3.20 20.00 9.60 12.00 2.40 0.2 





| re ee 99.20 98.64. 99.80 99.20 99.60 100.0 


es 
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to extra heavy types. The analyses of those sands are representa- 
tive of the indicated types. 


Permeability Control. 


27. Light, Open-Type Sand: The permeability of a light, 
open-type sand should be controlled within a tolerance of 2 points. 
In other words, this classification of sand can be controlled in per- 
meability to within 1 point either above or below a given figure. 
Example A of Table 1 is an analysis of a sand that would be 
classified as a light, open-type sand. 

28. Medium Tight Sand: The permeability of a medium 
tight sand (Example B, Table 1) should be controllable within a 
tolerance of 2 points, either 1 point above or below a given speci- 
fication. 

29. Medium Open Sand: A medium open sand (Example C, 
Table 1) can be controlled with a tolerance or variation of 4 
points in permeability, either 2 points above or below a given 
specification. 

30. Medium Heavy Sand: A sand designated as a medium, 
heavy-type sand (Example D, Table 1) should be controlled within 
6 points in permeability, 3 points above or below a given specifi- 
cation. 

31. Heavy Sand: Sand designated as of the heavy type (Ex- 
ample E, Table 1) should be controlled within a tolerance of 10 
points in permeability, 5 points above or below a given specification. 

32. Extra Heavy Sand: In sand designated as being extra 
heavy (Example F, Table 1), the tolerance in permeability is more 
variable and a little more leeway should be granted in the matter 
of permeability. 


Pan Material. 
33. Pan material should be controlled within 6 points toler- 
ance, that is, 3 points above or below a given specification. 


Grain Fineness. 
34. It is expected that the producer will follow the instruc- 
tions set forth by the A.F.A. for determining grain fineness. 


Fusion Point. 

35. A very important feature of sand analysis is being over- 
looked generally by the foundry trade. This feature is the fusion 
point of molding sand or its related sintering point. The fusion 
point of molding sand has a great bearing on castings poured at 
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a high temperature. This subject should have more consideration 
when selecting molding sand than is generally accorded it at 
present. 

CoNCLUSIONS 

36. The practice of selling molding sand by sample and with- 
out specification and analysis is as out-moded today as the old 
practice of selling pig iron by fracture. The severe and exacting 
competition encountered among foundrymen requires that selling 
methods be on the most comprehensive basis. 

37. It is difficult indeed, under the old-fashioned method of 
selling molding sand merely by sample examination, to put in un- 
derstandable terms just where a deficiency lies and what is actually 
desired if a shipment has been found ‘‘wanting.’’ The ordering 
and shipping of sand by analysis—grain fineness, clay content, 
strengths and permeability—is not an occasion for the foundryman 
to reject sand that does not come to his exact specifications, but 
it is an opportunity for the producer and the foundryman to meet 
on one common, understandable basis. 

38. Undoubtedly greater benefit may be secured by the 
foundryman and the producer of a questioned shipment in the 
exchange of sand tests than by summary rejection of the shipment. 
If the use of the sand in the foundry and the production of sand 
at its source is to be improved, the full cooperation between pro- 
ducer and consumer is paramount, through the medium of tests, 
analysis and specifications. 








Grain Structure Control Insures 


Mold Permeability Control 


By Harry W. Drierert,* anp Frank Vautier,* Detroit 


Abstract 


The shape of sand grains of a molding sand has a de- 
cided influence on the permeability and strength of a sand. 
Permeability of a rounded-grain sand is greater than that of 
an angular-grain sand, while the strength is less influenced 
except in cases of core sands where oil is used as a bond. 
The rounded-grain sands produce a stronger core than angular- 
grain sands when the same amount of oil is used. The size 
of sand grains is extremely important, and the authors go 
into detail as to effects produced by various combinations of 
base materials. The fine materials below 100 mesh have a 
great influence in lessening permeability. 


INTRODUCTION 


1. The art of mixing sands of different size grains to secure 
a desired permeability is a present-day problem of most practical 
importance. At times the task of controlling the permeability of 
the production sand or mold is perplexing. 

2. It is well known that the permeability of production sand 
or of a mold will decrease rapidly with the slightest decrease in 
fineness, but to increase the permeability by adding a coarser sand 
is very slow and requires additions in large quantities. Permeabil- 
ity may be increased rapidly by reducing the amount of fines, for 
example, material retained on sieves 200 and finer. The reason 
for this behavior should be understood by every foundryman. 

3. The behavior of sand mixtures may be better understood 
by comparing the relation between grain structure and base per- 
meability in place of using mold or green permeability, since base 


* Dietert-Detroit Co. 


Note: This paper was presented and discussed before one of the sand ses- 
sions at the 1933 Convention of American Foundrymen’s Association. 
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Table 1 
EFFECT OF GRAIN SHAPE ON SAND PROPERTIES 
Rounded Angular 
Shape. Shape. 
po ee ey a rere 50 50 
Approx. Surface Area, sq. in. per cu. in. 

NO Miats ag shied nish ane 000 cole g 6 ois Gare 10,000 15,000 
| eee 200 160 
3% Moisture, 8.3% Clay: 

Green PeTmOGDity ©... os ccc cccvws 150 120 
ji eo 170 140 
Green Compression, lbs............. 9.8 11.3 
Dry Compression, lbs............... 29.9 39 
CINDY ices cwesicecewnees 16 16.5 
Oil-Bonded Core, 1-56 ratio tensile 
PII can derps Gi o's ie! 6.0 # aids. ube Kore: 268 185 


permeability eliminates variations such as may be caused by 
moisture or clay content. 


DEFINITION OF TERMS 


4. Before proceeding further, it is desired to establish mean- 
ings for some terms which will be used more or less frequently 
in this paper. These terms are defined below. 


Coarse Material. 

5. Sand grains which form grain material remaining on 
sieves above the sieve containing the base grains (A.F.A. average 
fineness) will be classified as coarse material. 


Fine Material. 

6. Sand grains which form grain material remaining on 
sieves below base grains mesh (A.F.A. average fineness) will be 
classified as fine material. 


SHAPE OF SAND GRAINS 


7. The question often has arisen as to the effect of the shape 
of sand grains on the permeability. Various test values, such as 
grain size, surface area, permeability and strength, are tabulated 
in Table 1 for rounded (spherical) and angular (sharp) sand 
grains, when mixed with bonding material by the muller. 

8. An interesting fact is that the permeability, whether base, 
green or dry, is higher in each case by at least 20 per cent for 
the rounded sand grains than for the angular. The above fact is 
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most natural, as rounded grains produce maximum void space. 

9. The strength values of rounded grains when bonded with 
clay produce a molding sand with slightly less bond strength than 
a molding sand made with angular sand grains. Clay bond does 
not spread entirely over sand grain surfaces as an oil film; thus, 
it is not affected by the increase of surface area of the angular 
grains. 

10. When these same sand grains are bonded with an oil 
core compound and baked, the core made with the rounded grains 
will have a much higher strength than the angular sand core. The 
larger surface area of the angular grains demands a greater quan- 
tity of oil, which accounts for its lower baked strength. 


Size or SAND GRAINS 


11. The relation between sand grain size and base permeabil- 
ity is worthy of study to obtain a clear conception of the per- 
meability power of each sand grain size. 








Fic. 1—Base PERMEABILITY CURVE OF SAND GRAINS ACCORDING TO MESH SIzB. 








‘ 


178 GRAIN STRUCTURE AND MOLD PERMEABILITY CONTROL 


Table 2 


LABORATORY BASE PERMEABILITY, AND BASE PERMEABILITY 
CALCULATED FROM ForMULA A (PARAGRAPH 15) 


Laboratory Calculated 
Retained Base Base Difference 
on Sieve. Multiplier. Permeability. Permeability. per cent. 
Pan 270 6.8 6.7 —1.47 
27 200 14.0 12.3 —12.1 
200 142.86 27.0 24.0 —11.1 
140 101.01 45 46.7 + 3.8 
100 72.46 86 94.5 +9.9 
70 52.36 196 167 — 14.8 
50 38 .02 313 303 — 3.2 
40 27.62 535 540 + 0.93 
30 20.16 950 960 + 1.05 
20 10.72 es ae Sef) oo eee 
12 5.81 6075 6500 + 6.9 


12. The base permeability for the different sand grain sizes 
is plotted in Fig. 1. The ordinate of this chart is shown both in 
correct sieve multipliers and in sieve sizes. The base permeability 
for the various sand grains is also tabulated in Table 2. 

13. The size of sand grains as found in molding sands in 
general use may range from 20 mesh to pan material. The 20- 
mesh material possesses a permeability of 1796, while pan ma- 
terial has a permeability of 6.8. The diameter of coarse material 
is 15.5 times greater than that of the pan material, while the per- 
meability is 283 times as great. 

14. The point of interest is that the permeability of the sand 
grains is not proportional to diameter, but is a parabolic function. 
Stated in practical terms, the permeability of the sand grains in- 
creases very slowly as sand grains increase from pan material up 
to 140 mesh, and then it increases very rapidly as sand grains 
increase in size above 140 mesh. 

15. A formula to compute the base permeability of a given 
grain size is as follows: 

Base Permeability = S$ ) 34M 

Where S = Grain sharpness. 

Round = 1.0; Angular — 0.8 
M=A.F.A. correct multiplier. 


16. The tabulation of Table 2 will be of interest to those 
who are interested in checking laboratory tests with base per- 
meability as calculated by Formula (A). 

17. A comparison of the calculated and laboratory base per- 
meability figures shows an agreement, considering the fact that it 


{ 714 " 
Formula (A) 
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is very difficult to secure rounded sand grains throughout the 
whole range. The formula undoubtedly is of sufficient accuracy 
for practical purposes. However, extensive research work is re- 
quired to find a means of measuring sand grain sharpness. 


PERMEABILITY CONTROL 


18. The increasing or decreasing of permeability is best 
studied by mixing two different sizes of sand grains at the same 
time. Sand grains coarser and finer than 70 mesh may be mixed 
with 70-mesh sand grains in various percentages to show why 
permeability of production molding sand decreases so quickly and 
increases so slowly. 

19. Base permeability curves illustrating the permeability 
change for either ‘‘Close up’’ or ‘‘Open up’”’ for 70-mesh sand 
are shown in Fig. 2. 


Close Up. 
20. Consider first the ‘‘Close up’’ reaction. Add either pan 
or 270-mesh material to 70-mesh sand, and it may be noted from 





CLOSE UP —_ —— OPEN UP 
Fic. 2—Base PERMEABILITY OF SAND GRAINS CONSISTING OF A.F.A. STANDARD 
SAND AND ALL OTHER SIEVE SIzEs. 
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Fig. 2 that a 10 per cent addition will cause the permeability to 
drop from 200 to 100. 

21. The permeability of a sand drops very rapidly with the 
slightest addition of fine material, as illustrated by the steep slope 
of the left-hand portion of curves in Fig. 2. This illustrates how 
quickly sand closes up. 

22. It may be stated that the fine sand grains will have 
absolute control of the permeability of the sand when they con- 
stitute 70 per cent by weight, the reason being that the fine ma- 
terial will lie in the void space between the large sand grains and 
reduce the gas passageways. 

23. A 70 per cent addition of a finer sand grain material 
will cause the permeability of the sand to reduce almost to the 
permeability of the fine material added. In a sand of this nature, 
one would have 70 per cent fine material and 30 per cent of coarse 
material, with the resultant permeability equaling the permeability 
of the fine material; for example, 70 per cent of 140 mesh and 30 
per cent of 70 mesh, or 70 per cent of 70 mesh and 30 per cent of 
20 mesh. 


Open Up. 

24. The ‘‘Open up’’ process is the reverse of the ‘‘close up,”’ 
working not on the steep-slope side of the permeability curves but 
on the flat side, namely, the right-hand side of the curves of 
Fig. 2. 

25. Assume that production sand is 70-mesh material; add 10 
per cent of 20-mesh material to ‘‘open up.’’ The base permeabil- 
ity of the sand will not increase, and the green permeability also 
would remain the same providing the percentage of clay bond and 
moisture remains constant. Additions up to 30 per cent will have 
but slight effect in increasing permeability. 

26. The reverse of the ‘‘close up’’ rule applies in the ‘‘open 
up’’ process in that the production sand becomes in the latter case 
the fine material. As long as 70 per cent of the original production 
sand is present, it will control the permeability by filling up the 
large void spaces as may be formed by the coarse material added. 

27. When the percentage of coarse material added increases 
above 30 per cent, it then begins to build sand structures free, or 
partly free, of fines. 

28. The fine grains of a sand have a greater influence on the 
permeability of the sand than do the coarser grains, inasmuch as 
they are free to fill void spaces, while the coarser grains are sand 
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structure producers. Thus, it may be stated that the fine grains 
have greater permeability power or influence than coarser grains. 

29. A practical question often arises concerning whether a 
real coarse sand or a sand more nearly the size of production sand 
will prove most effective in opening up a sand. Studying the 
eurves of Fig. 2 indicates that the permeability may be increased 
as effectively by sand of adjacent sieve sizes as by a sand of a 
real coarse size, when sand additions do not exceed 50 per cent. 
Above this addition, the coarse size is most effective. 


PERMEABILITY OF A THREE ADJACENT S1zE Mix 


30. The permeability of single and two-sizes mixes is very 
slow to change when fine material exceeds 70 per cent. When 
sand grains from three adjacent sieves are mixed together (see 
Fig. 3), then 33.3 per cent of each—the fine, coarse and base sand 
grains—is present. 

















RISPRLRRE SER 
SIEVE COMBINATION or MIXTURES. 
Fig. 3—Base PERMEABILITY OF SAND GRAINS CONSISTING OF SAND RETAINED 
on 3 ADJACENT SIEVES. 
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31. An insufficient amount of fine material is present to con- 
trol the permeability, but since the permeability power of fine 
material is greater than that of the coarse, the resultant per- 
meability of the mix will not be an average of the three sand 
grains. It will be at least 50 per cent greater than the base per- 
meability of the fine sand grain size. 

32. A formula which may be used to calculate the base per- 
meability of three equal adjacent-sieve size mixtures is as follows: 


\ 714 |? 


ility—S—0.66 ) —— 
Base Permeability y | 34M § Formula (B) 


Where S = Grain sharpness 
M —A.F.A. multiplier of base material or 
A.F.A. fineness of mix. 


PERMEABILITY OF A THREE Non-ADJACENT SizE Mix 


33. Sand mixtures which consist of three scattered-sieve size 
sand grains are ideal to show how the permeability is decreased 
by the seatter or distribution of sand grains. 

34. The permeability curves shown in Fig. 4 give the per- 
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Fic. 4—BAse PERMEABILITY OF SAND GRAINS OF A GIVEN SIzE MIXED WITH 
COARSER AND FINER GRAINS. 
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meability of sand containing 33.3 per cent of 70-mesh sand grains 
as base material, to which equal portions of coarser and finer grains 
have been added. 

35. A sand built up of 50-70-100 mesh material has a per- 
meability of 133. The sand grains are distributed equally on three 
adjacent sieves. Increase the distribution by omitting one sieve 
size on each side of the 70 mesh. The sand then would consist of 
40-70-140 mesh material in equal portions, with a permeability of 
84. The permeability of this wider distributed sand is 37 per cent 
less than the sand made up of adjacent sieve sizes. 

36. The permeability continues to drop as the 70-mesh sand 
is mixed with sand grains of still greater coarseness and fineness. 
The drop of permeability is so great that when 12-mesh and pan 
material are added to 70-mesh material the resultant permeability 
is 6.0, which is slightly less than that of pan material. 

37. The base permeability of the above-mentioned sand 
grains, 12, 70 and pan, is 6075, 196 and 6.8, respectively. It is a 
rather forceful point to realize that the final resultant base per- 
meability is 6.0, showing that the 6075 permeability of 12 mesh had 
no permeability increasing effect on the final base permeability 
of the mix. 

38. When grains of a sand remain on widely scattered sieves, 
the coarse material, when not exceeding 33 per cent, will not in- 
crease the permeability of the sand. 

39. Many natural molding sands have a fineness where four 
sieves carry practically all of the grain material. With this in 
view, it is of great interest to know the permeability of four ad- 
jacent size mixes. 

40. The resultant base permeability and green permeability 
of sand mixes consisting of four adjacent sizes of grains is shown 
in Fig. 5. Note that the base permeability of a mixture of 70, 100, 
140 and 200 mesh grains with base permeabilities of, respectively, 
196, 86, 45 and 27, results in a sand with a base permeability of 37. 

41. A further study will show that the resultant base perme- 
ability lies between that of the two fine-grain materials. As in 
the case of the three adjacent size mix, the fine material in the 
four adjacent mix exerts a very strong influence on the resultant 
base permeability, which will not exceed the base permeability of 
the second finest material. 

42. The formula as shown below may be used to calculate 
the base permeability of the four adjacent sieve size mixtures: 
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Formula (C) 


3+M 
where S = Grain sharpness, and 
M = A.F.A. fineness number of the mix. 

43. The green permeability of a four adjacent sieve size mix 
will be determined by the base permeability subjected to altera- 
tions due to variation of clay and moisture content of the mix. 

44. Where these variables, namely, clay and moisture, are 
held within limits suitable for molding, the relation between base 
and green permeability as shown in Fig. 5 may be taken as char- 
acteristic. 

45. The base permeability of a four adjacent sieve size mix 
will be higher than that of the finest material, but not greater 
than that of the second highest. 





















































46. The resultant base permeability of a four adjacent sieve 
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mix is substantially 0.50 of the permeability of a material cor- 
responding to the A.F.A. fineness number. 


SUMMARY 


47. Rounded sand grains give at least 20 per cent higher per- 
meability values in both molding sand and baked cores than do 
angular sand grains, assuming other conditions to be identical. 

48. The baked strength of oil-bonded cores made from spheri- 
eal sand grains is greater than cores made from angular sand 
grains. 

49. The green and dry strength of molding sand is not af- 
fected within practical limits by the shape of the sand grains. 

50. The base permeability of various grain sizes does not 
change rapidly until grain size increases above 140 mesh, above 
which size each increase of sieve size will give an increasingly 
greater base permeability. 

51. A 10 per cent addition of a much finer size sand grain 
than the base material may cause permeability of production sand 
to drop 50 per cent. This explains why green or mold permeabil- 
ity drops or ‘‘closes up’’ so readily in practice. 

52. A 70 per cent addition of a finer sand grain material 
than the base material will cause base permeability of production 
sand to drop very close to base permeability of the fine material 
added. 

53. The permeability power of fine material is large and is 
sufficient to control the permeability of a sand entirely, as long as 
30 per cent or more of fine material is present. 

54. A production sand will ‘‘open up’’ (increase in green 
or mold permeability) when accumulated percentage of coarse 
grain material exceeds 30 per cent. This explains why it is so 
difficult to ‘‘open up’’ a sand. 

55. Fine sand grains have a greater influence on the per- 
meability of a sand than do the coarse sand grains, and thus have 
a greater permeability power. 

56. When three sand grains from three adjacent sieves are 
mixed in equal portions, the resultant base permeability will not 
be the average of the base permeability values for the various sand 
grains mixed, but much lower, approximately 66 per cent of the 
average base permeability values. 

57. As the scatter or distribution increases in spread, then 
the base permeability of a sand reduces materially. When spread 
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is at its maximum, then the resultant base permeability is approxi- 
mately equal to or lower than the fine material. 

58. When the coarse material is not of an adjacent sieve size 
to base material and the percentage of coarse material is less than 
30 per cent, then the coarse material will not help to increase the 
base permeability. 


DISCUSSION 


J. T. MacKenzie:* We have a rather unusual sand, from the ordi- 
nary foundry standpoint, in that the grain size runs chiefly between a 12 
mesh and a 40 mesh, or perhaps 50, and we use this sand over again every 
three or four hours. We start with a washed sand base which fact made 
us more or less interested in Mr. Dietert’s discussion of base permeability 
of green sand. To keep our sand up to condition, we add a clay wash, 
using a rather fat, yellow clay which we have locally adjacent. 

We found long ago that the way to control the permeability of our 
sand was through the elimination of the burnt clay, and that we get very 
little effect from adding any quantity, one might say, of the original poor 
sand. We eliminate the burnt clay in our centrifugal casting molds by 
keeping a strong suction of air from our dust-collecting machinery over all 
the shakeout operation or wherever the sand passes from one container 
to the other. The sand is taken from the shakeout to the treating ma- 
chinery by a reciprocator which also stirs it up and there is very little 
tendency for the clay that is still good to come out in the process, although 
the burnt clay comes out fairly easily and we remove quite a quantity of 
dust. We require, then, only a fairly small addition of clay to retemper 
the sand. 

As all local clay banks are non-uniform, we find that our permeability 
reacts very readily to variations in the percentage of clay. We check the 
moisture content and clay content, of course, and control the sand through 
the two properties of strength and permeability, Then, if we have a poor 
grade of clay, we find our permeability dropping down to the limit of, say, 
350, whereas with good clay we can readily keep a permeability of 500. 
Our sand is a beautiful illustration of the rapidity with which that perme- 
ability varies. We have a very safe working range of permeability, one 
might say, for our castings—from 400 to 500, a 100-point range; in case 
of a very good streak of clay, we will operate on a permeability of 700. 

This elimination of dust is a problem having a great many angles 
right now, an important one being the legal angle. It appears to me that 
we have not sufficiently emphasized the value of dust collection with the 


* American Cast Iron Pipe Co., Birmingham, Ala. 
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agitation on the shakeout from the standpoint that Mr. Dietert has 
brought out. 

There is also another very good way to eliminate dust where the air 
suction cannot be used, and that is in a complete washing of a certain 
percentage of sand each time. We took up with the Dorr Company the 
matter of following this method as an auxiliary scheme. My recollection 
is that it would not be very expensive to wash completely, say, some 15 or 
20 per cent of the sand by means of water and a Dorr classifier unit. This 
apparatus would not take up very much room, especially for coarse- 
grained sand. Of course, the finer the sand, the more trouble it would 
be; but our shop experience bears out Mr. Dietert’s findings. 

Dr. H. Rres:* In looking over the list of papers given at our meet- 
ings since the work on sand research was first initiated—about ten years 
ago—it is interesting to see how smaller and smaller details are being 
given attention. Thus, Mr. Dietert has referred to the shape and the 
surface character of sand grains and their effect, a thing that we did not 
think of ten years ago. 

With regard to that one point of shape of sand grains in comparing 
the rounded with the angular ones, that, of course would apply only to 
the coarser sizes, because it is practically impossible to find round sand 
grains on the smaller meshes. 

Mr. Dietert has brought out a number of interesting points in his 
paper, and when I saw the preprint of the paper it reminded me of some 
very interesting data given me about a year ago by C. Mathiesen of White- 
head Bros. Co. with permission to publish them in the committee reports. 
OWing to the fact that the committee has not made formal report lately 
(or at least has not published any), these figures have remained unpub- 
lished. What Mr. Mathiesen did was to separate the different sizes of 
sand grains from a number of different sands; he then made up combina- 
tions*of equal amounts of the different meshes and determined the base 
permeabilities of the mixtures. These data are presented here as Figs. 6 
and 7 and Table 3, and they bear out exactly the points made by Mr. 
Dietert. 

I want to ask Mr. Dietert two questions. I believe he said, in para- 
graph 36, that when he made a mixture of 12 mesh, 70 mesh and pan 
material, he got a permeability of practically zero. How much would the 
addition of the clay raise that permeability? 

The other question is this: Does the type of clay that is used to mix 
with these sand grains make a difference in the permeability obtained? In 
other words, if 5 per cent of one kind of clay is added to the mixture and 
then 5 per cent of another kind of clay to the same mixture of grains, 
will different degrees of*permeability be obtained? 


H. W. Dretert: In answer to your second question, Dr. Ries, I think 
you certainly would get different green permeabilities by using different 
clays or bonding materials, and different percentages. Up to a certain 
percentage, the clay material will pick up the fines. After that, the clay 
material begins to fill up voids, just the same as do fine materials, and 
if you would draw a curve showing the relation between the percentage 


* Cornell University, Ithaca, N. Y. 
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of clay in the sand and the permeability, you would find it was also a 
parabola. At the beginning, the permeability would not be affected greatly 
by the low clay content, but as soon as the clay content increased, the 
permeability would quickly drop. 

With reference to your first question, as to the effect of the addition 
of clay to this wide distribution, if we take the 50, 70, 100 and 140 mesh 
material and add those together and mix them up well, our base perme- 
ability would be, using no clay, 75. The green permeability, adding the 
8.3 per cent of clay, which will give a sand of the correct strength for 
molding, would drop to 60. 

ln other words, the addition of clay did not increase the green perme- 
ability in this case, but I believe that if we had added bentonite, our 
green permeability would have been higher than the base permeability. 
There are cases where the green permeability is higher than the base 
permeability. 


Table 3 
BASE PERMEABILITIES OF ALBANY MOLDING SAND 
(C. MATHIESEN ) 
(Upper line indicates sieve sizes. Lower lines show percentage of 


grains of each size which give the base permeability shown in last 
column.) 
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Fic. 6—BASE PERMEABILITIES OF WAREHAM, MASS., SAND (C. MATHIESEN). 

Sieve Sizes ARE SHOWN AT Top OF EACH COLUMN. HORIZONTAL LINES 

GIVE PERMEABILITIES FOR VARIOUS MIxTURES, ALL MIxTURES CONSISTING 
OF EQUAL PORTIONS OF SANDS OF GRAIN S1IzeES INDICATED. 
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Fic. 7—BASE PERMEABILITIES OF ALBANY MOLDING SAND (C. MATHIESEN). 

Sieve Sizes AreE SHOWN AT TOP oF EacH COLUMN. HORIZONTAL LINES 

GIVE PERMEABILITIES FOR VARIOUS MIXTURES, ALL MIXTURES CONSISTING 
OF EQUAL PORTIONS OF SANDS OF GRAIN SIZES INDICATED. 
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Dr. H. Ries: What kind of clay was that? 

H. W. Dietert: This was Ejifort clay, 8.3 per cent, which would 
give a compression strength of around 8 lbs., which is a little high for 
molding. If we had added just sufficient clay to give us about 6 Ibs. 
compression, then the green permeability curve would have been very 
close to the base permeability. I feel sure that if we had added around 
2 per cent bentonite, we would have secured a green permeability higher 
than the base permeability, due to the fact that the bentonite picked up 
the finer material and would not close the void spaces of the sand. 

Here is another interesting point. We were speaking of fine material 
consisting of 140. Suppose we go to the beginning of the chart, where 
the fine material is 200. There the green and the base permeability are 
approximately the same. If we had extended this chart and begun with 
pan material, I do not think there would have been any difference between 
the base and the green permeability, due to the fact that the pan material 
would have been carried more easily by the clay. 

May I add a caution at this point? We are talking about removing 
the fines, but that is not the whole story. The story is to control the 
fines. 

S. H. CLeranp:* I notice, in the summary of the paper, that the 
green and dry strength of molding sand is not affected, within practical 
limits, by the shape of the sand grains. I can remember very well a test 
we made, looking for information on that point, in which we took an 
unsatisfactory silica sand, rounded grains, of coarse size, with no strength 
that could be determined on a strength machine, and we crushed the 
grains (I cannot say_to what grade of fineness, but it was very fine), 
added moisture to it, and we got a green strength that would be equal to 
a molding sand green strength. However, it would not make a molding 
sand because the dry strength would not be sufficient. 

The change of the grain size increased the surface area, we reasoned, 
caused irregularity which developed the interlocking of the sand grains, 
and with that surface tension and the moisture and the interlocking of the 
sand grains we got a very decided increase in strength, up to the molding 
point. 

It seems to me that the author’s statement about the change in grain 
size should be qualified by that experience. 

There is another point, the question of a decrease in permeability due 
to the depth of ram. I am wondering if that is true when a sandslinger 
operation is performed, where the ramming is even from the top to the 
bottom. Would there be any change of permeability in that case? 


H. W. Dierert: With reference to qualifying the statement on the 
green and dry strength of molding sand not affected within practical 
limits by the shape of the sand grains, we tried to bring out the condi- 
tions obtained in foundry practice, and there we do not have to worry 
much about the shape of the grain structure, so far as present-day con- 
trol is concerned. It did influence it, as Dr. Ries has shown in a paper’ 


* Eastern Clay Products, Inc., Buffalo. 
1 Ries, H. and Lee, H. V., Relation Between Shape of Grain and Strength of 
Sand. TRANSACTIONS A.F.A. (1931), v. 39, p. 857. 
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presented before this Association two years ago, where he obtained a 
higher strength with irregular shaped grains. This we also show in 
Table 1. This also depends on the type of bond used and how fine is the 
material used. 

In our comparison here, we have maintained the fineness equal and 
have not decreased the fineness. Decreasing the fineness would increase 
compression. If tensile tests were used, I believe the results would have 
been slightly different. 








Symposium—Allloys in Cast Steel 





Molybdenum in Cast Steel 


By H. W. Giuuterr* anp J. L. Greae,** CoLtumsus, OHIO 


1. The behavior of molybdenum in the east steels is naturally 
analagous to its action in similar wrought steels, always, of course, 
keeping in mind the inherent differences which must exist espe- 
cially as to ductility and impact in any cast metal, mainly due to 
the absence of ‘‘work.’’ 

2. In steel of the usual carbon content for steel castings, es- 
pecially if the manganese be kept at 0.5 or 0.6 per cent—that is, 
under what might be termed ‘‘alloying amounts’’—moderate 
amounts of molybdenum produce little noteworthy inerease in the 
conventional physical properties of the steel when in the annealed 
condition. In the normalized condition, however, there is (due 
to the air-hardening effect of molybdenum) a rise of the yield 
point, an appreciable although less pronounced rise in the tensile 
strength, and thus an increase in the elastic ratio. With a low 
temperature draw of such normalized steels, static ductility and 
resistance to impact are raised without materially altering the 
strength figure attained in the simple normalizing. 

3. Of prime importance in these steels is the very marked 
increase in their high-temperature strengths. There is ample in- 
dieation that simple-annealed or normalized-and-drawn carbon- 
molybdenum east steels have virtues for high temperature service 
not yet fully appreciated. Rys't shows a large turbine housing of 
cast molybdenum steel employing this property industrially. 





Outstanding Properties in Quenched-and-Tempered Condition 


4. The most outstanding properties conferred by molyb- 
denum on steel are only noted ordinarily in the quenched-and- 


* Director, Battelle Memorial Institute. 

** Metallurgist, Battelle Memorial Institute. 

+ Reference numbers as shown herein correspond with Bibliography at end 
of paper. 

Nore: This paper was presented and discussed before the steel alloys ses- 
sion at the 1933 Convention of the American Foundrymen’s Association. ‘The 
discussion of this paper will be found beginning on page 256 where the discussion 
of the four papers presented at this meeting is reproduced. 
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tempered condition of the steel. Molybdenum decreases the rate 
at which the steel must be cooled in order to become martensitic ; 
accordingly, it tends—in proper amount and combination—to 
produce an air-hardening steel or, in lesser amount and with 
less of the other alloys, one hardenable by a mild air-quench. 

5. Sinee it so greatly slows down the quick cooling rate 
usually necessary for hardening, the centers of large sections of 
molybdenum-containing steels will ‘‘harden’’ much more fully 
than the centers of carbon or molybdenum-free steels. This depth- 
hardening throughout a large cross-section makes feasible the air 
quenching of bulky or intricate castings that would not be ame- 
nable to air-quenching in the absence of molybdenum. 

6. Martensitic molybdenum steels are more resistant to 
tempering than are molybdenum-free steels. A higher drawing 
temperature is required to soften them to a given Brinell hard- 
ness than is the ease with steels of similar strengths and hardness 
which are molybdenum-free. Hence, casting strains may be 
eliminated by long high-temperature draws while retaining high 
hardness and strength. 

7. The rate of cooling after the draw is not so important in 
molybdenum steels as it is in some other alloy-casting steels, be- 
cause molybdenum is a specific against ‘‘temper brittleness.’’ This 
is a most important and characteristic property conferred by 
molybdenum, as the behavior under impact test of some heat- 
treated alloy steel castings has been completely wrecked because 
of temper brittleness. 

Small Amounts Effective in Combination with Other Alloys 

8. It requires a considerable content of molybdenum in a 
straight carbon-molybdenum steel to produce a_ high-strength 
product comparable, by the conventional physical tests, to some 
other fairly low-alloy steels. Since molybdenum costs 80 to 95 
cents (the salt 80 cents, ferroalloy 95 cents) per pound, the plain 
molybdenum steels are not ordinarily used where static figures 
alone determine their suitability. It happens, however, that many 
of the inherent properties conferred by molybdenum on steel are 
shown as the result of the addition of quite small amounts of it, 
with great static improvement, if it be used in conjunction with 
other alloy additions. 

9. In fact, the modern (quaternary) molybdenum steels con- 
tain only about 0.15 to 0.30 per cent molybdenum. With this small 
amount of molybdenum, such steels approximate the static prop- 
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erties of much more highly alloyed nickel and/or chromium steels 
while actually containing perhaps only half as much of those 
alloying elements, thus attaining all the good properties which 
such alloys confer upon steel. Hence, the cost of the small molyb- 
denum content may be well repaid by the saving in larger amounts 
of their other alloys. The use of molybdenum, therefore, may be 
economical and deserves consideration whenever an alloy steel is 
required. 
Domestic Supply Available 


10. From the economic point of view it is worth remember- 
ing that the United States is plentifully endowed with molyb- 
denum, and that its production is not a monopoly but is carried 
on by several groups, of which two especially are large producers. 
The element, therefore, is a competitive and not a monopolistic 
commodity, and the possible hazards of having one’s products 
dependent upon an imported metal are absent. 


Percentage of Recovery High 


11. A further feasibility of using molybdenum lies in the 
fact that the recovery of the metal from the ferroalloy—caleium 
molybdate, or molybdie oxide plus lime—is very high. Since molten 
iron will reduce molybdenum from its oxide, there is practically 
complete freedom from loss of the metal when remelting gates and 
risers. The use of molybdenum introduces no new foundry diffi- 
culties and has been said? to minimize some of the old ones; for 
instance, cracking in the mold. 


Some Applications of Combination Alloys 


12. Molybdenum is compatible with other alloying elements 
and, as previously stated, reduces the amounts of those elements 
which are required. Hence, we have the manganese-molybdenum, 
the chromium-molybdenum, the nickel-molybdenum, and the vana- 
dium-molybdenum steels, or molybdenum steels containing two, 
three, or even four of other alloying elements. It enables the at- 
tainment of combinations of very high mechanical properties 
which may be sought in quenched and tempered steels. A favorite 
steel contains nickel, chromium and molybdenum, the amounts of 
the elements decreasing in that order. 

13. As is general with all alloy steels, if we build up a com- 
plex steel containing molybdenum we should be careful to hold 
down the carbon as we add alloys, so as to get maximum ductility 
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for a given strength. Most of the casting alloy steels containing 
molybdenum run from 0.20 to 0.40 per cent carbon and seldom 
go above the higher figure. 

14. An interesting and economical steel for casting is man- 
ganese-molybdenum, since molybdenum accentuates the alloying 
which latter effect seems to come into 





effect of the manganese 
play after an amount of some 0.6 per cent manganese is present. 
The manganese itself is a cheap constituent. The higher man- 
ganese tends to good deoxidation and freedom from non-metallic 
inclusions. Molybdenum has no such reaction, although it cer- 
tainly has no harmful effect along these lines. 

15. There is an increasing tendency to, and utilization* *° of 
east steels with 1 to 2 per cent manganese and 0.20 to 0.30 per cent 
molybdenum in the normal carbon ranges, and for ordinary uses, 
as the manganese percentage goes up the carbon should come down. 
(See references 1, 2, and 3.) 


Analyses and Properties 

16. The analyses of some cast steels* tested at the Norfolk 
Navy Yard are given in Table 1, and the properties of these steels 
after heat treatment are shown in Table 2. The properties of the 
manganese-molybdenum steel listed as heat No. 5 compare favor- 
ably with those of the other alloy steels, and its higk impact value 
tends to disprove the belief held in some quarters that molybdenum 
in east steel is conducive to low impact values. Impact values 
produced by other heat treatment also were high. 

17. An unusual application of higher carbon manganese- 
molybdenum steel is in ear wheels, where a hardness of 300 Brinell 
is required after a 1575 degs. Fahr. air quench with a subsequent 
draw high enough to insure freedom from all casting strains. The 
steel formerly used for their manufacture contained about 0.70 per 
cent carbon and 1.35 per cent manganese, and was normalized and 
quenched with a subsequent draw of 1000 degs. Fahr. This draw 
could not be raised with concurrent retention of the specified hard- 
ness. By adding 0.20 to 0.25 per cent molybdenum to the stee!, 
the draw could be raised to 1100 degs. Fahr., giving increased 
strain relief while still attaining the desired hardness. 

18. When east steel of fine grain is desired, the addition of 
a little vanadium to a plain molybdenum steel proves a successful 


*These steels were made in a %%-ton, basic-lined, electric furnace. The 
test bars were cast on the bottom of a slab and removed from the slab with a gas 
torch. Torch cutting hardened one side of the bars and it was necessary to heat 
them to about 700 degs. Fahr. to allow machining of the test specimens. 
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combination. This is utilized at Watertown Arsenal, where cen- 
trifugally cast guns replace forged guns in some eases. 


Table 1 
ANALYSES OF STEELS WHOSE PROPERTIES ARE SHOWN IN TABLE 2 
Heat ————————_Composition, Per Cent———————__,, 
No. C Mn Si Other elements. 
2 0.32 1.51 0.29 0.47 Cr, 0.16 V 
3 0.16 2.25 0.11 0.11 Cu 
4 0.22 2.01 0.09 0.10 Cu 
5 0.25 132 0.28 0.32 Mo 
6 0.38 0.93 0,24 0.36 Mo 
: f 0.28 0.75 0.21 0.89 Cu 
12 0.15 1.48 1.09 0.35 Cu 
14 0.30 0.94 0.28 1.45 Ni, 0.17 V 
Table 2 


PROPERTIES OF CAST STEELS NORMALIZED AT 1700 Dros. FAnHR., 
THEN 1525 Decs. FAHR., AND FINALLY TEMPERED AT 
1300 Drees. Fane. 


Tensile Yield Elongation Reduction Izod 

Heat Strength, Point, in 2 in., of Area, Brinell Impact, 
No. Ibs. per sq. in. Ibs. per sq. in. per cent. per cent. Hardness. ft-lbs. 

2 89,250 70,250 26.5 50.0 160 56 

3 113,000 69,750 15.0 36.5 200 14 

+ 98,750 56,750 25.0 59.0 173 35 

5 83,500 64,500 26.0 52.5 150 65 

6 81,250 61,250 28.0 55.0 

7 76,500 61,000 31.0 57.0 143 49 
12 83,250 57,250 32.0 66.5 145 33 
14 88,750 68,500 27.5 55.0 157 31-46 


19. Spring found a east steel of 0.9 per cent chromium and 
0.25 per cent molybdenum content to be superior in high-tempera- 
ture creep resistance to one containing 2 per cent nickel and 0.9 
per cent chromium. Again, molybdenum is finding much use in 
castings containing 5 per cent or more chromium for high-tem- 
perature service. The molybdenum addition in these steels is 
usually about 0.50 per cent; however, a molybdenum content of 
0.60 to 0.70 per cent is employed by some producers. 

20. At present, cast chromium-molybdenum steels are not so 
relatively common as are wrought steels of similar compositions. 
However, their use is extending rapidly on account of their excel- 
lent abrasion-resisting qualities. Quenched and tempered nickel- 
molybdenum cast steels are used extensively and enjoy a reputa- 
tion for especially good impact resistance for a given strength. 
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21. It is not necessary to repeat in detail the properties of 
the above indicated casting steels or of the more complex air- 
hardening and semi-air-hardening nickel-chromium-molybdenum 
and manganese-nickel-chromium-molybdenum combinations, since 
they are tabulated in recent accessible publications by Gregg,* 
Lorig and Williams,‘ and Grotts.° By variations in composition, in 
quenching and in tempering temperatures, a wide range of prop- 
erties and many varying combinations of strength and ductility 
are secured. 

22. Heat-treated alloyed steel castings frequently are used in 
place of forgings for purposes which few today would have thought 
some years ago could ever be satisfied by castings. Large castings 
which then would have been made only in the annealed or normal- 
ized condition are now being quenched successfully, in air or oil, 
and subsequently tempered. 

23. To sum up, the readiness with which molybdenum fits in 
with other alloying elements to give steels high in physical prop- 
erties when quenched and tempered, the added ease and certainty 
in hardening throughout in quenching produced by molybdenum, 
and the ability to remove casting strains by a high temperature 
draw without softening castings too much, make the element a good 
friend alike to steel foundrymen and to the user of steel castings. 


(For discussion of this paper see page 256) 
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Properties and Uses of Some Cast 
Nickel Alloy Steels 


By Aupert G. Zrma,* New York 


1. Modern industry demands ever greater efficiency and 
economy of the materials which it utilizes in the construction, 
operation and maintenance of equipment. The steel foundry in- 
dustry is among those which have extended their cooperation in 
meeting these demands, with the result that alloy steel castings 
now occupy an important position among engineering materials. 

2. Among the oldest of alloy cast steels are those containing 
nickel in amounts from 0.50 to 5.00 per cent. They have main- 
tained an enviable reputation in practically all fields in which 
they have been applied, due primarily to their excellent static and 
dynamic properties, their uniformity and reliability. Require- 
ments and typical applications of various types of cast nickel alloy 
steels are given in Table 1. 

3. Nickel produces similar qualitative effects upon the prop- 
erties of both cast and wrought steels. It enters principally into 
solid solution in iron (ferrite) and when present in moderate 
amounts (0.50 to 5.00 per cent) in hypo-eutectoid steels it tends 
to produce a fine-grained ferrite structure and to refine the struc- 
ture of the pearlitic areas, thus imparting strength, toughness and, 
to a lesser degree, hardness without decreasing ductility.*t 

4. Excellent dynamic properties, %.e., resistance to impact 
and fatigue stresses at atmospheric and low temperatures, are 
obtained as a result of nickel additions. Also, the inhibitive effects 
of nickel upon grain growth and segregation? are conducive to 
uniformity of quality of steel castings. 

5. As a result of heating above their critical temperatures 
for extended periods of time, carbon steels suffer an increase in 
“* Development and Research Department, The International Nickel Co. Ine. 

+ Reference numbers as shown herein correspond with the Bibliography at 
end of paper. 

Note: This paper was presented and discussed before the steel alloys ses- 
sion at the 1933 Convention of the American Foundrymen’s Association. ‘The 
discussion of this paper will be found beginning on page 256 where the discus- 


sion of the four papers presented at this session is reproduced. 
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grain size and a consequent radical decrease in impact resistance. 
Nickel steels are not nearly so sensitive to overheating. In the 
following data, Guillet* compares the impact properties of a low 
earbon steel with those of a 2 per cent nickel steel of the same car- 
bon content, after both steels had been subjected to a prolonged 
heating above their critical temperatures: 


Time of Heating Ordinary Extra Extra Soft Steel 

at 1830 degs. Fahr. Soft Steel, kg.m. with 2% Nickel, kg.m. 
Normal heating 20.0 60.0 (Not broken) 
Four hours 4.5 60.0 (Not broken) 
Six hours 4.0 60.0 (Not broken) 


6. Nickel obstructs the transformation of austenite to mar- 
tensite or pearlite, thus causing a lowering of the Ar critical ranges. 
As a result of the retarded transformation period, nickel alloy 
steels are better adapted for heat-treated castings of large section 
than are the plain carbon steels. For example, an eutectoid carbon 
steel must be cooled from 700 degs. Cent. (1292 degs. Fahr.) to 
200 degs. Cent. (392 degs. Fahr.) within approximately six seconds 
if complete hardening and grain refinement are to be obtained. 
In the case of a 5 per cent nickel steel, this time limit is increased 
to 60 seconds, while for a 3 per cent nickel, 1.5 per cent chromium 
steel it is extended to 500 seconds.* 

7. These differences in critical cooling rates explain why 
certain nickel alloy steels are particularly well adapted to large 
sections which cool relatively slowly and in which high strength, 
toughness and ductility are required. Also, since certain of these 
steels respond fully to mild quenching in air, the problem of 
obtaining maximum physical properties in complicated castings is 
simplified. Many such castings cannot be quenched in oil or water 
without disastrous results through cracking or distortion. 

8. If sufficient nickel is present, the critical ranges are lowered 
below atmospheric temperatures. Thus, dependent upon the nickel 
and carbon contents, a nickel steel cooled slowly from a high tem- 
perature may be either pearlitic, martensitic or austenitic. 

9. The pearlitic group constitutes the greater proportion of 
commercial nickel steel castings. Compared with pearlitic carbon 
steels of equal ductility, nickel steels of this group possess higher 
elastic properties, strength and hardness. Also, the excellent im- 
pact and fatigue resistance of pearlitic nickel steels renders them 
especially adaptable for castings. 

10. The martensitic nickel steels are not now of commercial 
importance because they are not readily machinable, are expensive 
and relatively brittle. 
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11. The austenitic steels containing nickel and chromium are 
rapidly gaining prominence because they provide excellent resist- 
ance to heat and corrosion under a wide range of conditions. 


SELECTION OF STEELS 


12. The selection of a suitable steel for castings is a matter 
which requires careful consideration. In choosing a steel for a 
certain application, the engineer considers first of all the proper- 
ties or performance desired. The size and shape of the piece deter- 
mine to a great degree the composition and heat treatment to be 
employed in obtaining these results. Quite often, the type of melt- 
ing or heat treating equipment available exert an influence upon 
the selection of a steel. Finally, after these considerations there 
arises the problem of choosing the most economical steel for the 
purpose. 


APPLICATIONS OF NICKEL ALLOY STEEL CASTINGS 


13. Typical cast nickel alloy steel castings, togetlier with 
some of the uses to which they are successfully applied, are dis- 
cussed in the following pages. To facilitate a brief but compre- 
hensive presentation, the different steels will be described briefly 
and correlated with their respective applications. 

14. The reader will note that quite often two or more steels 
may be mentioned as being suitable for some specific casting or 
class of service. This overlapping may be attributed to several 
causes. Some of the steels were developed by individual foundries, 
independent of one another, with the result that often two or more 
types are used for the same purposes. Again, certain steels pos- 
sess unique properties which best fit them for certain uses, still 
they may often be, and are, safely utilized for other purposes as 
well. 

I—Low Carbon 2% Nickel Steel 


15. Typical Applications. This steel is especially recom- 
mended for locomotive frames, castings for mining, excavating 
and steel mill machinery, ship castings and other parts subjected 
to shock and fatigue stresses. The retention of impact properties 
and ductility at low temperatures is another desirable characteris- 
tic of this steel, making it well adapted for locomotive and other 
machinery castings operated in cold climates. (See Table 2.) 

16. Type Composition. Carbon, 0.20 per cent maximum; 
nickel, 2.00 per cent minimum; manganese, 0.60 to 0.90 per cent; 
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Table 2* 
NORMALIZED AND DRAWN LOW CARBON 2% NICKEL STEELS— 
TypicaL TEsT RESULTS 
(Coupons cast and heat treated integrally with castings) 





———_—————Composition———__-—._ ————-—Ph ica] Properties eS 
; Reduction 
Yield Point Tensile Strength Elongation of Area 
Cc Ni Mn Si P s Ibs. per sq. in. lbs. persq.in. per cent per cent 
0.200 211 O81 O33 0.011 0.024 48,500 81,500 32.0 60.7 
0.18 2.16 0.76 0.37 0.015 0.023 48,250 75,750 29.5 61.8 
0.20 2.04 0.67 0.30 0.011 0.023 52,500 81,500 32.5 59.9 
0.19 2.07 0.89 0.30 0.012 0.024 55,000 81,500 27.5 52.2 
0.17 2.09 0.84 0.30 0.012 0.022 51,000 79,000 32.6 62.3 
0.19 2.14 091 0.30 0.012 0 023 51,250 85,100 29.0 52.0 


*Data obtained through courtesy of Canadian Steel Foundries, Montreal, P. Q., Canada. 


Table 3 


Impact TESTS* ON CARBON AND NICKEL ALLOY STEEL CASTINGS 
AT ATMOSPHERIC AND LOW TEMPERATURES® 


—_———_—————_-Composition———_————- —Heat Treatment——. Temp. Impact, 
(A. C.=air cooled) of Test, ft.—lbs 
Cc Mn Si P Ss Ni V Degs. Fahr. per sq. in. 
Carbon Steel 
0.23 0.66 0.27 0.029 0.046 .... .-- 1000°F. A.C; Re- 68 245 
heated 1450° F. A. C. -40 142 
Nickel Steels 
0.16 0.78 0.35 0.015 0.026 2.36 . 1750°F. A.C.; Re- 68 702 
heated 1450° F. A.C. -36 473 
0.24 O$1 0.46 0.015 0.026 2.21 .. 1750°F. A.C.; Re- 68 764 
heated 1450° F. A.C. ~36 543 
0.16 0.88 0.40 0.015 0.031 2.69 .. 1750° F. A.C.; Re- 68 683 
heated 1450° F. A.C. ~36 603 
Nickel-Vanadium Steel 
0.18 0.97 0.41 0.018 0.0381 1.56 0.10 1750°F. A.C.; Re- 68 848 
heated 1450° F. A.C. -36 758 


*Size of specimen—0.385 x 0.385 in. x 3 in. with 45 degrees V-notch 0.13 in. deep, 14 in. from 
one end. A Riehle, pendulum-type impact testing machine was used. 


silicon, 0.15% minimum; phosphorus and sulphur under 0.05%. 
17. Recommended Heat Treatment. At 1750 degs. Fahr., 2 
hours per inch of thickness, air cool; at 1500 to 1550 degs. Fahr., 
11% hours per inch of thickness, air cool; at 1100 to 1250 degs. 
Fahr., draw; cool in air or furnace. 
18. Range of Mechanical Properties: 


Elastic limit, lbs. per sq. in.............. 45,000-55,000 
Tensile strength, lbs. per sq. in........... 75,000-85,000 
Elongation in 2 in., per cent............ 32-25 
Reduction of area, per cent............. 65-45 
PUGS CRUE), TR. nn 65 che cec nse 80-40 


19. When given the full recommended heat treatment, the 
mechanical properties will aproximate the maximum results indi- 
cated in Table 2, while the lower values may easily be attained by 
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Table 4* 
MeEpIuM CARBON 2% NicKEeL STEELS—TypicaL Test RESULTS 
on Coupons Cast AND HEAT TREATED INTEGRALLY WITH 





CASTINGS 
————_———_Composition— = Physical Properties— — 
Reduction 
Yield Point, Tensile Strength, Elongation of Area, 
Cc Ni Mn Pp Ss Ibs. persq.in. Ibs. per sq. in. per cent per cent 
0.28 1.99 0.97 0.034 0.040 62,300 94,700 26.5 48.4 
0.28 2.16 1.00 0.035 0.045 60,750 97,100 26.5 53.6 
0.27 1.98 0.91 0.033 0.047 57,150 94,350 25.5 47.5 
0.30 1.95 1.05 0.030 0.071 63,550 104,550 25.0 54.8 





Heat treatment: Normalized 1650 degs. Fahr., drawn 1200 degs. Fahr. 
*Courtesy of Adirondack Steel Foundries, Watervliet, N. Y. 


means of a simple normalizing and drawing treatment. Table 3 
presents a comparison of impact test results. 


II—Medium Carbon 2% Nickel Steel 


20. Typical Applications. This steel is well adapted for mis- 
cellaneous railroad castings, ship castings, large gears not subjected 
to severe abrasion, steel mill machinery, crusher frames, tractor 
and power-shovel frames, and many other parts demanding higher 
strength and elastic properties than those given by the lower car- 
bon 2 per cent nickel steels previously described. 

21. Type Composition. Carbon, 0.20 to 0.30 per cent; nickel, 
2.00 to 2.25; manganese, 0.80 to 1.00; silicon, 0.25 to 0.40; phos- 
phorus and sulphur, under 0.05. 

22. Heat Treatment. Normalized at 1650 degs. Fahr., drawn 
at 1200 degs. Fahr. 

23. Range of Physical Properties: 


Elastie limit, lbs. per sq. im............. 55,000- 65,000 
Tensile strength, lbs. per sq. in.......... 90,000-105,000 
Elongation in 2 in., per cent........... 28-22 
Reduction of area, per cent............ 55-42 


24. Table 4 gives data on the properties of some steels under 

this classification. 
11I—Pearlitic Nickel-Manganese Steels 

25. In ordinary low alloy or pearlitic steels, manganese is 
added primarily as a scavenger. It reduces the iron oxides present 
in the bath, forming a reaction product which readily coalesces 
and rises to the slag. Moreover, manganese is useful in minimizing 
the bad effects of sulphur in steel.® 

26. Manganese is ordinarily contained in east steels in per- 
centages from 0.50 to 0.80 per cent. In finished steel, amounts in 
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Table 5 
TYPICAL PROPERTIES OF SOME CAST PEARLITIC NICKEL- 
MANGANESE STEELS 


Steels.** Carbon. Manganese. Silicon. Nickel . 
A 0.33 1.20 0.38 1.06 
B 0.28 0.84 0.35 1.02 
Cc 0.35 1.15 0.76 
D 0.34 1.50 0.51 0.77 
E 0.33 1.09 — 1.15 
Fl 0.33 1.13 0.39 1.07 
F2 0.32 1 10 0.31 1.10 
F3 0.43 1.38 0.37 1,34 
F4 0.33 1.24 0.38 1.20 
G 0 30 1.50 — 2.00 
H 0.34 1.52 0.50 1.30 

HEAT TREATMENT AND PROPERTIES 
Reduction Brinell Izod 
Heat Treatment? Yield Point, Tens. Strength, Elongation of Area Hardness. Impact, 
Steels.* (temp.indegs. F.) lbs. persq. in. lbs. per sq. in. in2 in., percent. per cent. ft.-lbs. 
A 1600 F.C. 62,000 100,750 21 34 179 25 
A 1600 A.C. 63,500 99,000 23.5 48 187 43 
1200 D. 
A 1750 A.C. 71,500 106,500 22.8 42.5 188 32 
1550 A.C. 
1000 D. 
A 1750 A.C. 65,000 97,000 25 5 47.5 179 36 
1550 A.C. 
1200 D. 
A 1250 W.Q. 88,000 106,000 21 42.2 be 44 
1550 W.Q. 
1200 D. 
B 1650 A.C. 56,700 87,500 30 45 
Cc 1650 A.C. 48,000 80,000 28 54 217 20 
1275 D. Charpy 
D 1800 A.C. 65,000 98,500 24 40 196 
1550 A.C. 
1280 D. 
E 1650 A.C. 65,000 92,000 25 46 
1250 D. 
Fl N. and D. 63,650 92,600 24.5 42.7 180 approx. 
to Brinell 64,600 92,300 25 5 46 8 180 approx 
of about 180 
F2 of about 180 63,250 90,400 25.0 40.0 180 approx. 
F3 of about 180 62,450 100,500 24.5 49.2 180 approx. 
F4 of about 180 62,500 96,450 26.0 51.3 180 approx, 
G N. and D. 72,000 101,500 26.0 55.0 229 
H N. and D. 98,400 121,500 17.0 47 8 


*Information sources are designated in Ist column by letters. Thus, F-1, F-2, F-3 and F-4 represent 
four steels from foundry ‘‘F.”’ 

**Steel A heat treated in laboratory furnace; remainder of coupons heat treated integrally with 
castings. 

tF. C.—furnace cooled; A .C.—air cooled; D=drawn; W. Q.—water quenched; N.—normalized. 
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excess of this may be considered to act as an alloy addition, im- 
parting definite properties to the steel. They tend to increase the 
hardness and strength of the steel. 

27. The pearlitic nickel-manganese steels containing from 
0.75 to 2 per cent nickel, 1.00 to 1.50 per cent manganese and 0.20 
to 0.40 per cent carbon, are rapidly gaining recognition among the 
low-alloy steel castings. They are moderate in cost, are easily 
produced by any steel melting process, and possess excellent me- 
chanical properties after simple heat treatments. They are often 
used to replace carbon and low-alloy steel castings when the im- 
provements desired in static and dynamic properties do not war- 
rant the use of higher alloy steels. 

28. Table 5 presents some of the available data on these 
steels. Fig. 1, plotted from data reported by A. Rys,* shows the 
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Wuchness of Blocks in Inches tom Which Test Gors Were Totten 


Fic. 1—EFFECT OF SECTION THICKNESS ON PROPERTIES OF CARBON AND 

PEARLITIC NICKEL-MANGANESE STEEL CASTINGS. (A. RyS) COMPOSITION: 

CARBON STEEL—0.24 C, 0.40 S11, 0.77 MN; NICKEL STEEL—-0.22 C, 0.17 S1, 

0.97 MN, 0.96 Ni. Heat TREATMENT: CARBON STEEL—NORMALIZED 1560 DeEGs. 

Faur., DRaAwN 1100-1125 Decs. Fanr.; NICKEL STEEL—NORMALIZED 1600 Dees. 

Faur., DRAWN 1100-1125 Deos. FauHR. (SPECIMENS TAKEN FROM CENTERS OF 
Test BLOCKS.) 
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influence of section upon the properties of a carbon steel and a 
nickel-manganese steel of approximately like carbon content. This 
latter steel has been used for some time with entire satisfaction 
for castings up to 6-in. thickness and possibly also in larger 
sections. 

29. Typical Applications of Pearlitic Nickel-Manganese Steels. 
Various structural castings for tractors, motor trucks, road build- 
ing machinery, electrical machinery and many highly stressed 
machine parts are made of this steel. 

1V—Nickel-Chromium Steels 
30. Unlike nickel, which dissolves in the ferrite, chromium 


combines with the carbon in the steel, forming carbides of high 
strength and hardness. At the same time it tends to produce fine- 
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Fic. ‘°2—ErFrrect oF SECTION THICKNESS ON PROPERTIES OF CARBON AND NICKEL- 


CHROMIUM STEEL CASTINGS. (A. Rys) COMPOSITION: CARBON STEEL—0.24 
C, 0.40 S1, 0.77 MN; NickrLt-CHROMIUM StTErRL—0.19 C, 0.32 S1, 0.47 My, 
2.01 Ni, 1.03 Cr. Heat TREATMENT: NORMALIZED 1600 Decs. Faur., DRAWN 


1100-1125 Decs. FaurR. (SPECIMENS TAKEN FROM CENTERS OF TEST BLOCKS.) 
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ness of structure, thus increasing the static strength of the steel. 
Through the use of both nickel and chromium, steels may be pro- 
duced possessing the‘desirable qualities inherent in each element. 
The ductility and toughness conferred by the nickel are combined 
with the strength and hardness imparted by the chromium.’ 

31. These characteristics of the two elements suggest that 
some ratio of nickel to chromium should be maintained to obtain 
the best combination of strength and ductility. Experience has 
shown that a nickel-chromium ratio of 2 or 214 to 1 constitutes 
the best balance for the general run of steel castings. 

32. Figs. 2 and 3, plotted from data reported by A. Rys,* 
illustrate the influence of section upon the properties of cast car- 
bon and nickel-chromium steels in the normalized and drawn con- 
dition. Table 6 contains data pertaining to normalized and drawn 
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Fig. 3—EFFECT OF SECTION THICKNESS ON PROPERTIES OF CARBON AND NICKEL- 
CHROMIUM STEEL CASTINGS. (A. RyS) COMPOSITION: CARBON STEEL—0.58 C, 
0.32 S1, 0.75 Mn; NICKEL-CHROMIUM STEEL—0.35 C, 0.33 S1, 0.52 Mn, 1.94 N1, 
0.86 Cr. Heat TREATMENT: NORMALIZED 1560 Dees. Faur., Drawn 1100-1125 
Decs. PAHR. (SPECIMENS TAKEN FROM CENTERS OF TEST BLOCKS.) 
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Table 68 


MECHANICAL PROPERTIES OF NORMALIZED AND DRAWN NICKEL- 
CHROMIUM STEELS* 


——Chemical Composition——— — 





——Physical Properties _ 
Tensile Yield Point Elongation Reduction Izod Brinell 











Strength, Ibs. per in2in., of Area, Impact, Hard- 
Cc Mn Si Cr Ni Ibs. persq.in. sq. in. percent percent ft.lbs. ness 
0.35 0.80 0.40 0.94 1.30 102,000 67,400 21.0 41.0 38 222 
0.39 0.76 0.46 0.87 1.46 108,500 69,000 19.0 37.0 30 228 
0.37 0.84 0.42 0.92 1.35 104,000 65,300 20.0 38.0 32 217 
0.33 0.75 O39 O85 1.50 99,000 60,000 22.5 45.0 41 212 
0.40 0.79 0.38 0.89 1.30 105,200 66,000 18.5 36.0 26 228 

A verage————______—_ 

0.37 0.79 0.41 0.89 1.38 103,000 66,000 20.0 39.0 37 221 


* Type Composition: Carbon 0.30 to 0.40 per cent; chromium 0.75 to 0.90; 
nickel 1.30 to 1.50. Heat Treatment: Full annealed at 1700 degs. Fahr.; air 
cooled from 1650 degs. Fahr.; drawn at 1250 degs. Fahr. 


nickel chromium steels corresponding approximately to S.A.E. 
3140. 

33. Type Composition. Carbon, 0.30 to 0.40 per cent; 
chromium, 0.75 to 0.90; nickel, 1.30 to 1.50. 

34. Heat Treatment. Full annealed at 1700 degs. Fahr.; 
air cooled from 1650 degs. Fahr.; drawn at 1250 degs. Fahr. 

35. Table 6 gives some data on the mechanical properties of 
some steels under this classification. 

36. Typical Applications of Normalized and Drawn Nickel- 
Chromium Steel Castings. Nickel-chromium steels of the composi- 
tion range indicated in Table 6 are used extensively for oil-well 
tools, sheaves, sprockets, tractor shoes, gears, cams, and many mis- 
cellaneous highly stressed castings. 

37. The proportions of nickel and chromium in these steels 
are so balanced that quenching in oil and tempering emphasizes 
the strengthening and hardening effects of these elements with 
maintenance of a high degree of ductility. The retarding effects 
of nickel and chromium upon the critical cooling rate facilitates 
hardness penetration on quenching, thus insuring a degree of 
uniformity of properties throughout the section not obtainable in 
shallow hardening steels. 

38. Table 7 presents data which are representative of the 
properties of a nickel chromium steel which has been oil quenched 
and tempered. Figs. 4 and 5 illustrate the effect of section upon 
oil-quenched and tempered carbon and nickel chromium steels.* 

39. Like the chromium steels, some nickel chromium steels 
exhibit low impact values after slow cooling to room temperature 
from a high tempering temperature (950 to 1250 degs. Fahr.). 
This effect, termed ‘‘temper brittleness,’’ is not revealed by tensile 
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Thickness of Blocks in Inches from Which Tes? Bars Were Token 
Fic. 4—ErFrect oF SECTION THICKNESS ON PROPERTIES OF CARBON AND NICKEL- 
CHROMIUM STEEL CASTINGS. (A. R¥S) COMPOSITION: CARBON STEEL—0.24 C, 
0.40 S1, 0.77 Mn; NicKeEL-CHROMIUM STEEL—0.19 C, 0.32 S1, 0.47 Mn, 2.01 
Ni, 1.03 Cr. Heat TREATMENT: OIL QUENCHED 1600 Decs. FAauHR., DRAWN 
1100-1125 Dres. Faunr. (SPECIMENS TAKEN FROM CENTERS OF TEST BLOCKS.) 


tests but by the notch toughness of the steel; it can usually be 
avoided by cooling rapidly from the tempering temperature. 

40. Typical Applications of Oul-Quenched and Tempered 
Nickel-Chromium Steels. Oijl-quenched and tempered nickel 
chromium steels containing carbon 0.35 to 0.50 per cent, manganese 
0.60 to 0.80, nickel 1.25 to 1.75, chromium 0.60 to 0.90 are exten- 
sively used for hardened gears, cams, rollers, sprockets and cer- 
tain abrasion-resistant castings such as bucket teeth, small 
crusher jaws, conveyor chain links, ete. 

Some Special Nickel-Chromium Steels 

41. Cast nickel-chromium steels corresponding approximately 
to S.A.E. steels 3240 and 3450 are often used for thick-section cast- 
ings which must withstand high unit stresses. (See reference to 
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Charpy Impact - Converted fo fi Lts. (ffeported as MKkg per Crt) 
Soccimen /0x/Omm-oleh Snm deep, 2mm Wide 


Srength and Yield Point - (bs. per $9. in. 


Tensile 
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: 


Liongation (L=50) per cent 


44 
Thickness of Blocks indnches from Which Test Bars Were Taken 
Fic. 5—EFFectT OF SECTION THICKNESS ON PROPERTIES OF CARBON AND NICKEL- 
CHROMIUM STEEL CASTINGS. (A. Rys) COMPOSITION: CARBON STEEL— 
0.58 C, 0.32 S1, 0.75 MN; NICKEL-CHROMIUM STEEL—0.35 C, 0.33 Sr, 0.52 
MN, 1.94 Ni, 0.86 Cr. Heat TREATMENT: OIL QUENCHED 1560 Decs. FAur., 
Drawn 1100-1125 Decs. Fanr. (SPECIMENS TAKEN FROM CENTER OF TEST 
BLOCKS.) 
critical cooling rates, paragraphs 5-9.) Table 8 presents data on 
tests made from standard test coupons cast and heat treated in- 
tegrally with castings, while Fig. 5, plotted from data reported by 
A. Rys,* illustrates the influence of section upon the mechanical 
properties of an oil-quenched and tempered 0.58 carbon steel and 
a nickel chromium steel of the type described in this section. 

42. Applications of Special Nickel Chromium Steels. Nickel- 
chromium steels of the type indicated in Table 8 are well suited 
for many highly stressed gears, pinions, rollers, sprockets and mis- 
cellaneous machine parts of medium and large section. 


V—Nickel-Vanadium Steels 


43. Vanadium, when added to steel in the usual amounts 
(under about 0.30 per cent), acts as a degasifier, is useful for grain 
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Table 9* 


MECHANICAL PROPERTIES OF CAST NICKEL-VANADIUM STEEL 
IN FuLtt ANNEALED AND DRAWN CONDITION 











—————— Composition — ———————Physical Properties -s 
Elongation Reduction Izod 

Tensile Strength, Yield Point in2in., of Area, Impact 

Cc Mn Si Ni Vv Ibs. per sq. in. Ibs. persq.in. percent percent ft. lbs. 
0.25 0.94 0.39 1.56 0.11 92,000 61,000 27.0 54.0 60.0 
0.20 0.87 0.33 1.50 0.12 85,375 59,000 29.5 59.1 ee 
0.22 0.74 0.34 1.55 0.10 88,730 56,070 29.5 58.2 63.0 
0.26 0.97 0.30 1.54 0.11 90,000 60,500 25.5 50.9 47.0 
0.32 1.07 0.28 1.58 0.11 96,500 70,500 28.0 59.9 59.5 

*F. Grotts, 8 


size control, and also has a tendency to increase the elastic ratio. 

44. Vanadium steel castings rarely contain more than 0.15 to 
0.25 per cent vanadium. In these proportions a very small part 
is believed to dissolve in the ferrite, while the major portion is 
said to combine with the cementite to form complex carbides. Steel 
castings containing 0.10 to 0.15 per cent vanadium, and 1.50 to 
2.50 per cent nickel, exhibit high strength and elastic limit together 
with good ductility. The grain-refining effect of the vanadium 
combined with the strength and toughness imparted by the nickel, 
make this steel especially desirable for highly stressed castings of 
heavy section. 

45. Table 9 presents physical property data from several 
heats of nickel-vanadium steel in the fully annealed and drawn 
condition. 

46. Typical Applications of Cast Nickel-Vanadium Steels. 
Miscellaneous medium and heavy castings for locomotives and roll- 
ing-mill machinery, highly stressed gears and other parts for power 
shovels and other machinery subjected to rugged service, are pro- 
duced successfully from this steel. 


VI—Nickel-Molybdenum and Nickel-Chromium-Molybdenum 
Steels 


47. Since the World war the use of molybdenum in steels has 
been developed quite extensively. In order to obtain the full bene- 
fits from molybdenum, however, it is generally necessary that it be 
supplemented by some other alloy such as nickel or chromium, or 
a combination of nickel and chromium. 

48. The nickel-molybdenum and nickel-chromium-molybdenum 
steels are giving a good account of themselves in castings where 
high strength and high elastic properties combined with excellent 
ductility are required. They lend themselves readily to air quench- 
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ing treatments and are particularly adapted to the production of 
large castings because of their depth-hardening properties. 

49. Also, their ability to retain high strength at elevated 
temperatures extends their field of usefulness to many industrial 
applications where heat is involved. (See Table 11.) They are not 


Table 10* 

Some Test REesuLts on Cast NICKEL MOLYBDENUM STEELS 
Composition Range: C 0.30-0.35, Ni 1.25-1.50, Mo 0.30-0.35, 
Mn 0.60-0.80 
Heat Treatment: 1850 degs. Fahr. furnace cooled; 1700 degs. 
Fahr. air cooled; 1200-1350 degs. Fahr. draw. 

(Tests Made from Standard Coupons) Machinability— 


excellent 

Yield Point, Tensile Strength, Elongation in Reduction of 

Ibs. per sq. in. lbs. per sq. in. 2 in., per cent Area, per cent 
60,000 94,000 25.0 55.0 
60,750 95,500 26.5 56.8 
61,000 94,000 24.0 51.0 
62,700 93,860 24.5 53.3 
61,000 87,000 23.5 52.0 
60,000 86,000 26.0 61.0 
60,000 88,000 24.5 51.0 
59,000 90,000 24.0 56.0 
Avg. 60,536 91,045 24.8 54.5 


*These data reported by F. G. Frisbie, Met., Pittsburgh Steel Foundries, Glassport, Pa. 


Ternpering Temperature, deg.cent. 
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Fic. 6—PROPERTIES OF CAST NICKEL-CHROMIUM-MOLYBDENUM STEEL, 
QUENCHED IN WATER FROM 840 Decs. CENT. (1545 Decs. FAHR.) AND 
TEMPERED AT INDICATED TEMPERATURES. (BONNEY-FLOYD Co.) 
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difficult to produce, as neither nickel nor molybdenum are oxidized 
in the bath under normal conditions. 

50. Further data on these steels are given in Tables 10, 11 
and 12. 

51. Fig. 6, obtained through the courtesy of the Bonney 
Floyd Co., Columbus, Ohio, indicates the properties obtainable with 
a water-quenched and drawn nickel-chromium-molybdenum steel 
of the following composition range: Carbon, 0.25 to 0.35 per cent ; 
nickel, 1.75 to 2.25; chromium, 0.65 to 0.90; molybdenum, 0.15 to 
0.25. Test bars were taken from 1-in. square coupons. 

52. Typical Applications of Nickel-Molybdenum Cast Steels. 
Although the east ni¢kel-molybdenum steels have not been pro- 
duced extensively, they have been used successfully for certain 
highly stressed parts such as rolling-mill machinery castings, heavy- 
duty gears and pinions of large size, mining machinery castings 
and various other castings subjected to severe loads. A cast nickel- 
molybdenum steel containing 0.35 to 0.45 carbon, 0.60 to 0.80 
manganese, 0.20 to 0.40 silicon, 0.50 to 1.00 nickel, and 0.20 to 
0.30 molybdenum, is used for gears and pinions for steel mill ma- 
chinery.'* They are annealed, machined and then heat treated to 
a Brinell hardness of 380 to 495, depending upon the applica- 
tion. In this condition, these castings possess good wear and shock 
resistant properties which make them especially adaptable to this 
severe service. 

53. Typical Applications of Cast Nickel-Chromiuwm-Molyb- 
denum Cast Steels. The wide range of properties obtainable 
through variations in heat treatment adapt these steels to many 
types of service. For example, steel C (Table 12) when annealed 
is suitable for many structural castings demanding high strength 
and good ductility. When normalized and drawn (C-2), it may 
be used for tractor shoes, power-shovel bucket lips, sheaves, sprock- 
ets, ete. Gears, sprockets, crane wheels and other castings sub- 
jected to wear may be easily machined in the annealed condition 
and subsequently heat treated to acquire the properties shown for 
C-3 in the table. 

54. The retention of hardness and strength even after ex- 
posure to temperatures up to 1000 degs. Fahr. (See Fig. 6) makes 
this steel especially useful for cement clinker chain, valves, fittings 
and other castings operating at moderately elevated temperatures. 
This steel also is used extensively for abrasion-resistant castings. 

55. Steel B is well suited for large gears and pinions. 
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Table 13 
(See also Tables 7 and 12) 


COMPOSITIONS OF SOME ABRASION-RESISTANT STEEL CASTINGS 


Steel Molyb- 
No. Carbon Manganese Chromium Nickel denum 
H 0.35—0.50 0.60—0.80 0.60—0.90 1.25—1.75 ...... 
K 0.25—0.35 0.60—0.80 0.60—0.90 1.75—2.25 0.15—0.25 
L 0.50—0.60 0.60—0.80 0.60—0.90 1.50—2.00 0.30—0.50 
M 0.40—0.60 0.60—0.80 1.00—1.25 3.00—3.50 0.30—0.50 
N* 0.60—0.80 10.00—15.00__............ 3.00—5.00 _—=Ow«......... 





*U. S. Patent No. 1,732,202—John Howe Hall and J. 8S. Comerford, Assignors to Taylor-Wharton 
Iron & Steel Co., High Bridge, N. J 





Vil—Abrasion-Resistant Castings 


56. For a number of applications requiring resistance to 
abrasion only, chilled cast iron, high-carbon steel or the plain 
chromium steels are often adequate; but where shock and fatigue 
stresses are encountered as well, the nickel alloy steels are far su- 
perior. The major portion of the alloy steel tonnage devoted to 
this difficult service is made up of the heat-treated nickel-chromium 
and nickel-chromium-molybdenum steels. Although the S.A.E. 
compositions are followed quite closely in steels of this sort, many 
special steels have been developed. Thus, we find such composi- 
tions as are shown in Table 13 giving good service. 

57. Steels H and K of Table 13 are often used for castings 
which are to be differentially hardened, thus protecting certain 
portions from excessive wear. Power shovel and scarifier teeth, 
impact hammers, sprockets, ete., are excellent examples of this 
type of casting. One method of heat treatment commonly em- 
ployed for bucket teeth made of nickel-chromium steel H is out- 
lined below. 

58. The whole casting is first normalized at 1650 degs. Fahr. 
and drawn at 1250 degs. Fahr. The point or tip is then reheated 
to about 1550 degs. Fahr. and quenched in oil, after which the 
whole casting is tempered at 900 degs. Fahr. The properties im- 
parted to the shank and point, respectively, by this treatment are 
about as follows: 


Tensile Reduction 
Yield Point, Strength, Elongation, of area, Brinell 
Ibs. per sq. in. lbs. per sq. in. per cent. percent. Hardness 
Shank 60,000 110,000 20.0 35 212 
Point 165,000 185,000 8.0 15 364 


59. Steel K, Table 13, is similarly employed and is especially 
useful where high strength and hardness are to be imparted to 
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castings of medium or thick section. Properties of this steel are 
shown under C, Table 12. Like steel H, it may be differentially 
hardened to improve the wearing properties of bucket teeth, im- 
pact hammers, sprockets, ete. Normalized and drawn, it imparts 
excellent wear resistance to such castings as power-shovel bucket 
lips, sheaves, tractor shoes, wearing plates, ete. 

60. Steels Z and M are extremely sensitive to air hardening 
and must be annealed carefully to insure machinability. Instead 
of allowing the castings to furnace cool from the annealing tem- 
perature (1600 to 1650 degs. Fahr.) without interruption as in 
ordinary annealing, the heat is reapplied at 1200 to 1250 degs. 
Fahr. and the charge held at this temperature for a short period 
(1/2 to 1 hour) before furnace cooling is resumed. 

61. Steel Z when normalized at 1650 degs. Fahr. exhibits 
the following range of properties for test pieces 1 inch in thick- 


ness: 
Reduction 
Yield Point, Tensile Strength, Elongation, of area, Brinell 
Ibs. per sq. in. Ibs. per sq. in. per cent. per cent. Hardness. 
175,000-190,000 200,000-215,000 3144-5% 914-138% 465-500 


62. A low-temperature tempering treatment (600 to 800 degs. 
Fahr.) minimizes the stresses which are set up on rapid cooling 
and does not lower the hardness appreciably. In this condition 
this steel is suitable for ball-mill liner plates, ore chute liners, sand 
and gravel machinery and other applications not requiring high 
impact resistance or toughness. Fig. 7, a sketch of a fractured 





eo 














Wearing Face 
° 
“4 
Location § 2# +2 Fe TF 2A Pe 2H 


Brine! Hardness WS 90a 383 948 GIS GS 303 FBS 385 444 363 
Fig. 7—FRACTURED TUBE-MILL LINER CASTING ILLUSTRATING DePTH-HARDEN- 
ING PROPERTIES OF CAST NICKEL-CHROMIUM-MOLYBDENUM STEEL. (COURTESY 
OF CANADIAN STEEL FOUNDRIES LTD., MONTREAL, CANADA) 
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tube-mill liner plate casting, illustrates the depth-hardening prop- 
erties of a steel of this type. 

63. Steel M is used primarily for wear-resistant castings 
which, because of their shape or size, cannot be conveniently 
quenched in a liquid medium. Its excellent depth-hardening ca- 
pacity makes this steel especially suitable for thick, heavy castings 
requiring high hardness. Impellers and housings for medium and 
large size centrifugal pumps handling sand, gravel and other 
abrasive materials give excellent results when they are made of 
this steel. 

64. These castings are usually air quenched from about 1550 
degs. Fahr. after annealing at 1650 to 1750 degs. Fahr., and then 
drawn at 700 to 800 degs. Fahr. for at least two hours per inch of 
thickness. Castings 4 to 6 inches in thickness, when heat treated 
in this manner, acquire a hardness of 380 to 450 Brinell through- 
out. Usually such castings are rough machined in the annealed 
state and then ground to finish after hardening. 

65. When given the above treatment but drawn at 1200 to 
1250 degs. Fahr., this steel is well suited for large gears, pinions, 
racks, rollers, ete., which are called upon to resist high stresses and 
abrasion. (See B, Table 12.) 


VilI—Austenitic Nickel-Manganese Steel 

66. Austenitic or high-manganese steel of the Hadfield type 
is well known as an abrasion-resistant material, but this quality is 
not exhibited unless the steel is subjected to cold working either 
before or during service. Heat-treated alloy steels such as H, K, 
Land M of Table 13 are often more serviceable than manganese 
steel when abrasion without appreciable cold working must be 
encountered. 

67. There are also other factors which limit the use of or- 
dinary Hadfield manganese steel. In order to bring about the 
austenitic structure required to maintain the toughness of this 
steel, the castings are heated to 1800 degs. Fahr. or higher and 
quenched in cold water. This steel possesses a high coefficient of 
thermal expansion and a very low heat, conductivity, a combina- 
tion of properties which reacts adversely in the quenching of heavy 
sections. Castings exceeding 5 or 6 in. thickness cannot be 
quenched without producing internal cracks, which often cause 
failure in service. 

68. Moreover, if heat-treated manganese steel castings are 
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Fic. 8—COMPARISON OF “CREEP” LIMIT STRESSES OF CAST NICKEL-CHROMIUM 

AND OF CAST CARBON STEEL. (KANTER AND SPRING) THESE CURVES SHOW 

THE LIMITING STRESSES PRODUCING Not MORE THAN 1 PER CENT OF CREEP 

IN A YEAR. DOTTED PORTION CORRESPONDS TO THE PROPORTIONAL LIMIT. 
reheated to 600 to 800 degs. Fahr., the dissolved carbides are re- 
precipitated, thus bringing about extreme brittleness. This phe- 
nomenon precludes the use of this steel for service at elevated tem- 
peratures and makes welding or forging exceedingly difficult. 

69. To overcome these difficulties and to extend the field of 
usefulness of this steel, a modified composition wherein 3 to 5 
per cent nickel is added has been successfully developed. Typical 
composition, carbon 0.60 to 0.80 per cent, manganese 10.0 to 15.0, 
nickel 3.00 to 5.00 (See N, Table 13). 

70. This steel, after a simple normalizing treatment, exhibits 
the same characteristic toughness and work-hardening properties as 
ordinary Hadfield managanese steel. Moreover, it retains its 
strength and toughness even after long exposure to temperatures 
up to 800 degs. Fahr. or short exposure at 1100 degs. Fahr. This 
feature permits the use of the steel for such applications as hot 
bed run-out tables, forming dies for lap-welded pipe, draw bench 
chain for butt-weld tube mills, and many other applications re- 
quiring resistance to wear at elevated temperatures. Large. wear- 
resistant castings for crushing machinery, dredges, etc., are made 
of this steel since they may be successfully heat treated by normal- 
izing.'® 

XI—Steel Castings for Elevated Temperature Service 

71. The nickel-chromium cast steels exhibit excellent creep- 

resistant properties and strength at elevated temperatures. In 
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Fic. 9—COMPARISON OF 3 PER CENT “CREEP” LIMIT STRESSES OF CAST 

NICKEL-CHROMIUM AND OF CAST CARBON STEEL. (MALCOLM) THESE STRESSES 

WERE DETERMINED ON THE STEELS IN THE AIR-QUENCHED AND DRAWN 
CONDITION OveR PERIODS OF ABOUT ONE YEAR. 


power plants and oil refineries, where materials capable of with- 
standing high pressures at elevated temperatures are demanded, a 
steel of the following composition has come into extensive use: 
Carbon 0.30 to 0.40%, chromium 0.70 to 0.90, nickel 1.75 to 2.25. 

72. Fig. 8 compares the 1 per cent creep limit stress values 
of east carbon and nickel-chromium steels studied by Kanter and 
Spring.'* The compositions of these steels are reported by Bull’® 


as follows: 
Carbon Manganese Silicon Nickel Chromium 


% % % Jo % 
Carbon Steel 0.33 0.77 0.34 oe cae 
Nickel-Chromium Steel 0.41 0.58 0.29 2.00 0.87 


73. Maleolm*® made a similar study in which he compared 
the limiting stresses producing not more than 3 per cent creep over 
periods of about one year. The comparison was made with a plain 
carbon steel containing 0.35 per cent carbon and a nickel-chromium 
steel containing 0.30 to 0.35 per cent carbon; 0.70 to 0.90 per cent 
chromium and 1.75 to 2.25 per cent nickel. The steels were tested 
in the normalized and drawn condition. An examination of Fig. 9 
indicates that for temperatures from 750 to 1100 degs. Fahr. the 
nickel-chromium steel resists creep stresses 70 to 100 per cent 
greater than those allowable for the carbon steel. 

74. Recent investigations have shown that the addition of 
0.25 to 0.35 per cent molybdenum to a nickel-chromium steel of 
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about the same composition, as indicated above, increases the creep 
resistance appreciably.** 
CoNCLUSION 


75. The properties and uses of some cast nickel alloy steels 
have been outlined. Since the scope of the paper does not permit 
a discussion of all of the nickel alloy steels used for castings, the 
author has endeavored to limit the text to a brief description of 
some of the better known compositions and applications. The data 
presented are not experimental but are representative of the re- 
sults obtained by many producers. 


(For discussion of this paper see page 256) 
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Vanadium In Steel Castings 


By Jerome Strauss,* BripGeEvi.ue, Pa. 


1. Recognition of the benetits of including vanadium in the 
composition of steel castings is not new. Carbon steel castings 
were familiar products many years prior to the commercial in- 
troduction of the alloying elements; nevertheless, tonnage pro- 
duction of alloy steels appeared first in forgings and rolled bars, 
although the early use of these elements was by no means con- 
fined to hot worked products. Small-scale manufacture of wrought 
vanadium steel dates back to 1896. It was not, however, until 
some ten years later, following the discovery of extensive ore 
deposits in the Peruvian Andes, that continuous manufacture for 
industrial constructional applications began. 

2. Not long thereafter (in 1907, to be precise) vanadium 
steel castings were being placed in service. Their desirable quali- 
ties were quickly recognized so that, to name one specifie in- 
stance, by the end of 1912 some 6000 locomotive side-frames had 
been produced. Quite naturally, the initial castings were of car- 
bon-vanadium steel, and this type not only enjoyed continuous and 
extensive application but remains in wide use today. In recent 
years, however, the demands of the mechanical industries for con- 
struction materials of greater capacity have resulted in newer 
types involving simultaneous use of several alloying elements. 


Influence of Vanadium on the ‘‘ As Cast’’ Condition 


3. The influence of vanadium upon the structure and prop- 
erties of cast steels is first observed in the ‘‘as cast’’ condition, 
not heat treated. Other components of the composition being 
alike, and the details of steelmaking, pouring, ete., being practi- 
cally constant, a vanadium-containing steel will exhibit less marked 
dendritic segregation and greater freedom from Widmanstattian 
patterns within the grains than a vanadium-free steel. 

4. The first-mentioned distinction may be observed in the 
fracture or in such etched sections as are reproduced in Fig. 1. 


* Chief Research Engineer, Vanadium Corp. of America. 

Nore: This paper was presented and discussed before the steel alloys ses- 
sion at the 1933 Convention of the American Foundrymen’s Association. The dis- 
cussion of this paper will be found beginning on page 256 where the discussion 
of the four papers presented at this session is reproduced. 
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The castings portrayed in this illustration were made in the same 
plant by as nearly as possible identical manufacturing procedure. 
The second distinction is well illustrated by the photomicrographs 
of Fig. 2. These also represent the product of the same equip- 
ment, personnel and manufacturing practice. 

5. While not advocating the use of alloy steel castings with- 
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Fig. 2—MICROSTRUCTURE OF 1\4-INCH CouUPON Bars OF ALLOY STEELS “AS 

Cast.” X35. A: ALLOY STEEL CastTinG (0.20 CARBON) WITHOUT VANADIUM. 

B: ALLOY STEEL CASTING (0.20 CARBON) OF SIMILAR COMPOSITION WITH 0.09 

VANADIUM. OC; ALLOY STEEL CASTING (0.20 CARBON) ; ONLY ALLOYING ELEMENT 
Is 0.14 VANADIUM. 
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out heat treatment, it is obvious that for equal hardness and 
strength, the vanadium steel with its superior distribution of 
microconstituents possesses greater ability to sustain stress or to 
deform rather than rupture under suddenly applied overloads. 
It has frequently been stated that these characteristics are of ex- 
treme importance in avoiding the cracking of intricate castings 
during heating and cooling cycles in the early stages of manufac- 
ture. 


Response to Simple Heat Treatment 


6. The structure of the vanadium-containing steel is also 
not without influence upon ease of diffusion at heat treatment 
temperatures. Further, it unquestionably bears a relation to 
the response of vanadium steels to simple heat treatment. Me- 
chanical properties may be obtained by double normalizing and 
tempering that are not equaled even by the more drastic and 
sometimes dangerous quenching and tempering of many other 
alloy steels. This is of great importance in large complex cast- 
ings. In fact, suitable adjustment of composition, combined with 
single normalizing and tempering or single normalizing alone, 
opens up new possibilities in the use of high-strength cast steels. 

7. The macrostructural distinction just noted persists after 
heat treatment. Microstructurally, equally sharp distinctions de- 
velop, causing or accompanied by exceedingly pronounced differ- 
ences in the mechanical properties. Fig. 3 shows the structure of 
some alloy steel castings with and without vanadium; both the 
grain refinement and uniformity of grain size are important. 

8. Table 1 is illustrative of the influence of small amounts 
of vanadium upon the tension and impact values of some nor- 
malized alloy steels. The simultaneous increase in both yield point 
and resistance to impact, and the magnitude of these changes that 
result from the incorporation of vanadium, without appreciable 
alteration of tensile strength, elongation or reduction of area, are 
consistent. The ability to support high static loads and likewise 
suddenly applied overloads without rupture, disclosed by these 
comparative tests, has been responsible for numerous and di- 
verse engineering applications. 


Carbon-Vanadium Steels 


9. The carbon-vanadium steel previously noted has been 
generally produced within the following composition range: 
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Carbon, 0.028 to 0.40 per cent; silicon, 0.25 to 0.40; manganese, 
0.65 to 0.90; vanadium, 0.15 minimum. The mechanical proper- 
ties of castings normalized and tempered are shown in Table 2. 

10. It should be mentioned at this point that, with but two 
exceptions, no test data are included in this paper unless both 
impact test and tension test results are available. While still 
imperfectly understood, there has thus far been developed no 
better test of ability to successfully sustain sudden overloads than 
the notched-bar impact test. This is of importance to the de- 
signing engineer. 

11. To metallurgists, this method of examination serves the 
same purpose and also has the further merit of being a sensitive 
means for the detection of lack of perfection in steelmaking and 
molding practice and likewise lack of perfection in heat treat- 
ment. From values such as those of Table 2, there have devel- 
oped a number of specifications of which the tentative specifica- 
tion of the American Society for Testing Materials is representa- 


tive: 
pO” ee ee ee ee eee 55,000 minimum 
Tensile strength, lbs. per sq. in.............85,000 minimum 
Miongation. in 2 in., per Cent... .rccccscocvecs 22 minimum 
Heduction Of ATER, per CONE... 6.6 cccccccscon 40 minimum 


12. The applications for carbon-vanadium steel castings 
have been principally in locomotive construction and in mining 
and other heavy machinery. The tonnage has been extremely 


Table 3 
TENSION AND Impact TESTS oF NICKEL-VANADIUM CAST STEELS 
DoUBLE NORMALIZED AND TEMPERED 


Yield Point Tensile Elongation Reduction Izod 
Melt —Chem. Composition— Ibs. per Strength in 2 in., of Area, Value. 
No.* C Si Mn Ni 4 sq. in. Ibs. per sq. in. percent. percent. ft. - lbs. 
1 (a) (b) 0.18 0.27 0.84 1.05 0.10 53,850 75,100 32.0 64.7 81.5 
2 (ce) 6.18 0.38 0.99 1.73 0.08 54,100 89,600 28.5 62 5 72.5 
3 (ec) 0.20 0.35 0.62 2.11 0.11 93,500 108,000 24.0 62.0 52.0 
71,000 90.500 26.0 64.0 70.0 
4(a) (c) 0.22 0.40 0.70 0.75 0.20 57,000 87,000 30.0 59.4 55.1 
5 (a) (c) 0.22 0.40 0.70 1.50 0.20 74,000 94,500 30.0 61.5 59.5 
6 (c) 0.22 0.34 0.74 1.55 0.10 56,100 88,700 29.5 58.2 63.0 
7 (b) 0.25 0.58 1.01 1.43 0.10 77,000 96,000 28.0 50.0 53.0 
8 (ce) 0.25 0.39 0.94 1.56 0.11 61,000 92,000 27.0 54.0 60.0 
9 (ec) 0.27 0 43 1.15 1.71 0.12 100,000 121,000 22.0 52 5 45.0 
82,000 100,000 28.0 62.0 60.0 
10 (ce) 0.29 0.31 1.02 1.49 0.13 65,000 93,000 29.0 57.8 55.5 
11 (c) 0.32 0.34 1.14 1.43 0.12 74,000 103,000 26.0 53.9 56.5 
12 (c) 0.32 0.28 1.07 1.58 0.11 70,500 96,500 28.0 59.9 59.5 
13 (b) 0.36 0.42 1.00 1.47 0.10 82,000 108,000 25.0 47.0 39.0 


*(a) Single normalized. (b) Experimental castings. (c) Commercial 
castings. 
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large and the service rendered has been of sufficient merit to war- 
rant continuous use during the twenty-six years that have elapsed 
since introduction of the composition. 


Nickel-Vanadium Steels 

13. Of the more complex alloy steels, those containing both 
nickel and vanadium are among the oldest of industrial import- 
ance. Table 3 contains data on the mechanical properties of this 
type over a rather wide range of carbon content within the limits 
of constructional utility. Within these ranges of composition, 
three steels have developed commercial importance and have the 
following nominal compositions : 


Carbon. Silicon. Manganese. Nickel. Vanadium. 
0.20 0.35 0.60 2.00 0.10 
0.22 0.35 0.85 1.50 0.10 
0.28 0.35 1.00 1.50 0.10 


14. A common specification for the third and most import- 
ant variety, in the normalized and tempered condition, has been 
as follows: 


EE EE ME E66. 6.6 an. 0.0 9:68 0 96 <0 @8 60,000 minimum 
Tensile strength, lbs. per sq. in.............. 90,000 minimum 
Bromgation in Z im., POF CONE... ...cicccccccne 25 minimum 
Reduction of area, per cent... .....csssecces 50 minimum 


15. Relatively high values of endurance ratio for cast steels 
are obtained with this composition, a typical value being 44,000 
lbs. per sq. in. endurance limit on coupon bars having a tensile 
strength of 91,450 lbs. per sq. in., the ratio being 0.482. From 
this rather unusual combination of high mechanical test values, 
yield point, impact strength and endurance ratio have developed 





Fic. 4—STEEL MILL PINIONS OF NICKEL-VANADIUM CAST STEEL. WEIGHT OF 
EacuH Castine, 8000 LBs. 
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important uses in many industries. Among them may be enu- 
merated engine frames, driving-wheel centers, driving boxes, 
crossheads, eccentric cranks and crosshead guides of locomotives, 
gears, pinions, racks and coupling boxes in rolling mills, moving 
parts of flying shears, hammer rams, ram guides, sow blocks, 
various types of dies in forging machinery, and a host of other 
highly stressed parts in many other types of heavy industrial 
equipment. Fig. 4 shows one of these numerous castings. 

16. The transformation temperatures of this steel have been 
studied, and from the data obtained there are quoted the follow- 
ing values on material conforming in composition to the second 
type noted above: 








a At; 7, A C3 A rs r= A r; a 
Beginning. Maximum. End. Beginning. Maximum. 
1315 1345 1480 1320 1140 1115 


Chromium-Vanadium Steel 


17. Compositions including both chromium and vanadium 
have been and are now used to a limited degree but have not 
spread widely, probably largely the result of lack of early recog- 
nition of the air-hardening properties imparted by the chromium. 


Table 4 
TENSION AND IMPACT TESTS OF MANGANESE-VANADIUM CAST STEELS 
DoUBLE NORMALIZED AND TEMPERED 


——Chemical Yield Point, Tensile Elongation Reduction Izod 
Melt Composition — Ibs. per Strength, in 2 in., of Area, Value, 
No.* C Si Mn V sq. in. Ibs. per sq. in. per cent. per cent. ft. - Ibs. 

1(c) (a) 0.14 0.30 1.83 0.08 58,600 79,300 33.0 71.0 82.0 
2 (b) 0.18 0.30 1.45 0.08 55,400 76,550 35.0 69.3 94.3 
3 (b) 0.23 0.48 1.69 0.08 66.050 90.200 32.0 66.0 87.5 
4 (b) 0.24 0.42 1.32 0.10 63.000 85,500 32.5 62.0 62.0 
5 (b) 0.26 0.41 1.66 0.10 73,500 97,000 29.5 62.0 73.0 
6 (b) 0.29 0.42 1.33 0.11 64,350 90,000 31.0 63.5 73.5 
7 (b) 0.29 0.41 1.35 0.17 68,000 93,000 29.5 60.0 58.0 
8(b)(d) 0.29 0.42 1.38 0.10 73,000 96,500 28.0 58.0 51.0 
9 (b) 0.29 0.46 1.63 0.09 70,800 96,700 30.0 62.3 67.0 
10 (b) 0.29 0.38 1.79 0.09 77,800 104,900 27.0 56.5 73.8 
11 (b) 0.30 0.44 1.90 0.10 85,500 108,500 27.0 60.0 60.0 
12 (b) 0.37 0.48 1.42 0.10 80,500 107,000 25.0 50.0 47.0 
13 (b) 0.37 0.36 2.17 0.10 84,750 132,550 14.0 35.6 27 8 
14 (c) 0.31 0.51 1.64 0.10 64.180 100,300 28.0 59.9 41.5 
15 (ec) 0.31 0.48 1.68 0.10 65,500 102,000 26.5 54.1 49.5 
16 (c) 0.31 0.49 1.85 0.11 69,000 104,750 27.0 57.5 51.0 
17 (c) 0.35 0.36 1.40 0.10 70,500 103,200 25.0 51.9 43.0 
18 (c) 0.35 0.40 1.40 0.10 74,500 100,700 30.5 61.8 57.5 
19 (c) 0.36 0.43 1.41 0.11 79,750 110,200 26.5 56.0 35.5 


*(a) Not tempered. (b) Experimental castings. (c) Commercial cast- 
ings. (d) Single normalized. 
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The steels have generally been of a composition approximating the 
Society of Automotive Engineers’ specification 6130, namely, 0.30 
per cent carbon, 1.00 chromium and 0.18 vanadium, with 0.70 
manganese and the normal silicon content of cast steels. The 
applications have been in mining and allied equipment, the se- 
lection resulting from their excellent resistance to abrasion. That 
the mechanical properties of the chromium-vanadium steels are 
good, is clearly indicated in Table 1. 





Fig. 5—WaATER MAIN TEE OF MANGANESE-VANADIUM CAST STEEL. WEIGHT 
13,240 LBs. 








Fic. 6—SwaGiIngc MACHINE HOUSING OF MANGANESE-VANADIUM CAST STEEL. 


WEIGHT, 33,760 LBs. 
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Manganese-Vanadium Construction Steels 


18. The properties of the manganese-vanadium constructional 
steels, briefly indicated in Table 1, are outlined in somewhat more 
detail in Table 4, which includes bars from both experimental and 
commercial melts over the composition range of likely industrial 
importance, all in the normalized and tempered condition. The 
influence of vanadium upon the microstructure of pearlitic man- 
ganese steels has been noted in Fig. 3 and is so pronounced that 
the manganese-vanadium steel may be regarded as a totally dif- 
ferent product. Sharply contrasted with plain manganese steel, 
there is observed in the manganese-vanadium type complete ab- 
sence of that microsegregation so common to pearlitic manganese 
east steel and recognized as small martensitic areas under the 
microscope, which, along with large grain size, contributes to low 
and variable resistance to impact and poor and irregular machin- 
ing properties. 

19. Complete freedom from these grossly objectionable fea- 
tures of the older product combined with the high mechanical 
properties has, within a brief period, established for the manga- 
nese-vanadium steels a sphere of service closely paralleling that 
enjoyed by the nickel-vanadium types, namely, as parts of rail- 
way equipment and heavy machinery. 

20. In Figs. 5, 6, and 7 some of these castings are pictured. 





Fig. 7—PUNCH PRESS FRAME OF MANGANESE-VANADIUM Cast STEEL. WEIGHT, 
53,070 LBs. 
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Two composition types have been produced commercially, with 
essential elements proportioned as follows: 


Carbon. Silicon. Manganese. Vanadium. 
0.35 0.40 1.40 0.10 
0.30 0.40 1.70 0.10 


21. In the normalized and tempered condition these steels 
have been furnished to the same specified minimum tension test 
values as has the nickel-vanadium cast steel, namely: 


NE SO OE I EN i ns ne o'g 5 Widdows wo «se ewe weaiode 60,000 
Temmere Merenein, TOG: POF BG. 10... oc ccc ccccccccsccues 90,000 
SGNED SEE Oe SUL, DOT OOGER sone ccc ccccecccscveveces 25 
a er ee 50 


22. Study of the transformation temperatures has shown, in 
the case of the higher carbon composition, the following values: 





Ac, Ae; ia. a 
Beginning. Maximum. End. Beginning. Maximum. 
1350 1885 1480 1340 1215 1190 


Some Special Vanadium Steels 

23. While the steels just described are the principal ones 
manufactured in quantity, there are a number of other alloy steel 
casting compositions containing vanadium used for more or less 
special applications, all possessing similar qualifications of excep- 
tionally high yield point and impact strength. Tests of a number 
of these, in the normalized and tempered condition, are listed in 
Table 5. 

Annealed Castings 

24. All of the foregoing tests have been restricted to castings 
and coupons that have been air cooled from above the transforma- 
tion range and in most instances subsequently tempered. The 
preponderant tonnage of the castings manufactured in this coun- 
try are heat treated in this manner. A small percentage of the 
total production, however, is subjected to other types of heat 
treatment. Some founders and some purchasers, for example, 
still cling to the older practice of annealing, while in other in- 
stances castings are of such small section and large area, or are 
so intricate or of such widely varying section, that annealing must 
be employed to prevent distortion. 

25. For guidance in such instances, Table 6 is included, giv- 
ing the properties in the annealed state of several of the alloy 
steels previously referred to. It will be observed that the yield 
ratio and impact strength are somewhat lower than after the 
more rapid cooling of the normalizing treatment, but that for a 








23 


JEROME STRAUSS 


8 2% 
0 82 
ols 
£ & 
08% 
88h 
0'€ 
£° 96 
“Oa = “ 
‘onjeA pozy 


SS 33 


T€ 
89 
oF 
1% 
0€ 
S% 
bf 
o¢ 
19 
ad 
oe 
Sh 
¢'8e 
£88 
“oat - 
‘an[@A poz] 


amenmoonmnnnmooorooccn 


o 


*‘pelvouue pus poezijeulIoN (p) 


£°9F 
oF 
8 
¥ OF 
0'0¢ 
£°F¢ 
6'9¢ 
Le 
queo Jed ‘wary 
jo uorjyonpey 


© 
> 
+ 


a¢ 

09 

g¢ 

T¢ 

19 

o¢ 

6E 

“Ge 

“G 

9¢ 

8¢ 

09 

oF 

g¢ 

6¢ 
Le 
¢°99 

*queo Jed ‘vary 

jo uolonpey 


on 


aqqauadWay, GNV GaZTIVWHON FAMA0Gd STAALS LSV,) 


0°92 
0° %% 
¢°6z 
0° & 
8°92 
¢ 08 
g 62 
0-Le 
“quedo Jed ‘ul Z ul 
uolyesuo[y 


QYIVANNY STAALY LISV.) WOIGVNVA SOOTAVA AO SLSAT, LOVAW] GNV NOISNGY, 


041 
0°02 
Oar 
09% 
0°22 
0 62 
0°23 
0°82 
$'lz 
g FS 
018 
*queo Jed ‘ul Z ul 
uolgesu0[y 


*‘pezt[euai0u 


00+ SOT 
00¢"S6 
009°28 
0s0‘g0T 
008°96 
oge’sz 
002'S6 
000'89 


‘ul “bs sad sq] 
*qyBuel4g o[Isue Ty, 


AjsnotwAeig (2) 


“SAUTJSBO [BJQIeUIUIOD (q) 


0g0°29 
og2‘19 
000°8¢ 
00g*TZ 
000°09 
009° LF 
00F'F9 
002‘0¢ 


9 9198L 


‘SBULISBVO [VIDJIUIMIOZ (9) 


O6'TTT 
000°ZIT 
000‘00T 
000°E1T 
00¢'90T 
009°26 

000°8IT 
000‘9ST 
006'8Z1 
Osh esl 
092611 
00¢*20T 
000°F6 

002‘ TZT 
002'801 
000‘80T 
002‘¢8 

o0s*LL 

‘ul “bs sod ‘sq[ 
‘q}Bues4g eTIsuay, 


090'F8 
000°S8 
00s‘ 18 
009'F6 
000°T8 
00s"e9 
000'F6 
000°CFI 
006'E8 
0$2'06 
00992 
000°28 
000°02 
008°¢8 
0g0'22 
000°62 
000°S9 
000°9¢ 
‘ut ‘bs sed “sq] 
‘qulod PIAA 


$ 9I48L 


or 


or 


a 
02 


a 
or 
or 
or 
or 
or 
or 
or 
or 
60 
60 
80 


A 


———————101} sodu0gy jvotwieyg———____ 


“ul “bs sed “sq 
“qulod PIA 


oso 


cooco 


10 
+10 
4 
110 
110 
60°0 
1r'0 
80°0 
A 


—————uo1j 180d 0D [vormayQ—— 


zs8't 
ost 
891 
oa | 


IN 





‘sBupjsvo [Vjueutpiedxg (8) » 


90° 
$60 


UW 


“‘s3uljsvo [ejueutsedxg (q) 


080 
g¢'0 
9¢°0 
48°0 
+90 


no 


v2 0 
910 
£e°0 


on 





99'0 


19°0 
£80 
190 


di 


29°0 


06°0 
$20 


09°0 


IN 


0f°0 


ze°0 
6¢°0 
£h 0 
60 
6h 0 
0e°0 
is 





6E°0 
0¢°0 
620 
820 
9¢°0 
re'0 
ce0 
tO 
0 


(q) «8 
(q) L 
(9) (q) 9 
(q) ¢ 
(q) = 
(8) £ 
(P) (9) @ 
(q) if 
+ ON 
“OW 


‘pezijemi0ou a[Sutg (®) » 


9¢ 
ert 


= 


orl 
oe'T 


$I 
LE 
e¢ 
LI 
8F 
1¢ 
(63 
8F 
+ 
th 
pL 
92 


UW 


i 


16°0 
£b 0 


tr 0 
or 0 


's 





se°0 
geo 
10 
92°0 


WOIGVNVA SQOOMVA JO SLSAT, LOVAWN]T GNV NOISNGY, 


(q) 91 
(q) SI 
(2) +1 
(3) (%) 
C) ee 4 | 
(q) ra 
(q) =O 
(q) 6 
(4) 8 
(q) L 
(q) 9 
(q) g 
(q) ¥F 
(qq) ¢& 
(8) (q)@ 
(8) (q) I 
« ON 
JPW 











238 VANADIUM IN STEEL CASTINGS 


given hardness or tensile strength these values are still well above 
those of most cast steels not containing vanadium. 


Quenched and Tempered Castings 


26. A small percentage of the product of the steel foundries 
is also used in the quenched and tempered condition. While not 
to be recommended for castings other than those of simple form 
and uniform section, this method of heat treatment may result, if 
intelligently prescribed and executed, in castings having rather 
high strength properties with relatively good impact value and, 
hence, be suited to service requiring hardness, extreme wear re- 
sistance and ability to sustain suddenly applied loads. 

27. Table 7 contains the results of a number of tests of 
coupons heat treated in this manner. The impact test values are 
high in relation to the tensile strengths, while in the lower ranges 
of hardness it will be noted that yield ratios higher than those 
of the normalized steels have been developed. In the higher 
hardness ranges, namely 150,000 to 200,000 Ibs. per sq. in., nu- 
merous castings have been made that have been exceptionally 
serviceable in the wearing parts of crushing machinery, equip- 
ment for handling abrasive substances, and other similar uses. 


Molybdenum-Vanadium Steel for Centrifugally Cast Guns 


28. A discussion of quenched and tempered castings would 
be incomplete without reference to the centrifugally cast, heat- 
treated and cold-worked guns developed at the Watertown Ar- 
senal. Following trial of a number of alloy steel compositions, the 
molybdenum-vanadium type represented by melt No. 3 of Table 
8 was selected, presumably the result of its consistently fine grain 
size (both primary and secondary), its excellent mechanical prop- 
erties and its ability to sustain a maximum of cold deformation 
without rupture or loss of ductility. It is unfortunate that the 
use of a special form of test prevents comparison of the impact 
data of Table 8 with those in the remaining tables of this paper. 
On the basis of the above comparison of steels, however, it must 
be assumed that these values are most satisfactory for this ap- 
plication. 

Behavior of Steels as Heavy Castings 


29. Other than these tests of a molybdenum-vanadium steel 
for ordnance, which were taken from midway positions in sections 
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ranging from about 2 to about 5 inches in thickness, all of the 
foregoing data have been secured on coupons 1 to 1% inches 
thick. While many represent the steel of separately poured test 
blocks, others have been attached to commercial castings of dif- 
ferent weights, some light, others heavy. 

30. It is important, however, to know how steels selected for 
specific uses will behave when applied to the manufacture of heavy 
castings which heat and cool relatively slowly both after solidifi- 
cation and during heat treatment, this knowledge to include not 
only the properties of attached test bars but also those of the 
surface and of the interior of heavy masses. In the latter, the 
properties are influenced, of course, not only by the behavior of 
steel of given composition when subjected to a variety of heating 
and cooling rates but also by the soundness of the mass as con- 
trolled by molding and casting practice. 

31. In the case of sound metal, it is enlightening to exam- 
ine the properties of large masses of vanadium steels as included 
in Table 9. It is evident from these data that the vanadium steels 
previously described develop, in test bars attached to very heavy 
castings, tension and impact properties readily meeting exacting 
specification requirements prepared largely from tests of smaller 
units, and that even bars cut from the body of very heavy sec- 
tions exhibit properties differing but slightly from those of 
standard test coupons. 


Properties at Sub-Normal Temperatures 


32. The mechanical properties quoted thus far have all been 
determined at room temperature; most castings are used under 
conditions that make this information of primary importance. 
For a few uses, however, the properties at sub-normal tempera- 
tures are of importance. The only published data of this sort 
at low temperatures, of vanadium steel castings, are due to Mof- 
fatt, who determined the impact strength of cast carbon and a few 
alloy steels at temperatures down to those prevalent in the more 
northern civilized countries. He found that within the range of 
+68 to —86 degs. Fahr., a nickel-vanadium steel of the type 
here described gave the maximum impact strength at all tempera- 
tures of the range and a minimum difference of 10.6 per cent be- 
tween the values which he was able to obtain at the extreme 
temperatures. 
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Properties at Elevated Temperatures 


33. At temperatures above atmospheric, no conclusive data 
from either short or long-time tests are available on vanadium cast 
steels. However, with tests upon wrought materials as a basis, work 
has been done with several low-alloy steel types such as chrome- 
vanadium, tungsten-chrome-vanadium and manganese-molybde- 
num-vanadium. These uses, with the exception of the applica- 
tion of several compositions of tube-mill piercing points, are not 
yet old enough nor diverse enough to permit definite statements of 
utility at this time; but from the results obtained thus far and the 
test data upon wrought materials, much is with reason expected 
of them. 


Cast Tool Steels 


34. Some criticism may be offered of the omission of cast 
steel dies and other tools from this discussion. The use of vana- 
dium in such compositions, however, is so widespread that de- 
tailed inclusion of them here appears unwarranted. It seems 
sufficient to indicate that the same advantages that are conferred 
upon the low-alloy constructional steels are of as great and some- 
times greater importance in both the low-alloy and high-alloy 
higher carbon steels used in the hardened state. 

35. Improved distribution of phases, both macroscopically 
and microscopically, uniformity of successive melts and increased 
toughness and useful strength, are characteristic. Improved dif- 
fusion during heat treatment, and control of depth of hardening, 
also are observed. Thus, in addition to its indispensable presence 
in cast high-speed steel tools, vanadium is employed in most of 
the high-carbon high-chromium die steels, in high-carbon steel rolls 
along with chromium, and in many medium-carbon cast die steels 
such as the nickel-chromium-molybdenum-vanadium type for hot 
working. 

Applications for Corrosion and Heat Resistance 


36. Applications to highly alloyed castings of the corrosion 
and heat-resistant class have been few, but it may yet be used in 
these steels for its influence upon grain size and its restraint of 
deterioration upon long exposure to elevated temperatures. The 
next few years may also witness commercial use of vanadium- 
bearing cast steels surface hardened by nitriding. Some work has 
been done in this direction indicating that the absence of aluminum 
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in these vanadium steels avoids the disadvantages of previous 
nitriding compositions, while retaining the good qualities inherent 
in nitrided articles. At present, however, the development stage 
has not been passed. 
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Chromium in Steel Castings 


By J. H. Crircuert,* New Yorx 


1. Before taking up the specific role of chromium in the steel 
casting industry, it may be well to say a few words about the in- 
creasing importance of alloy steels in general in that industry. 
With the feeling that there may not be a general appreciation of 
the steadily increasing part that alloy steel castings are playing, 
figures have been gathered from 1921 to date showing the climb of 
the industry out of the post-war depression. In Fig. 1, one curve 
shows the total steel casting production; the second, the alloy steel 
casting production, and the third, the percentage relationship which 
alloy steel castings bear to total steel castings. 

2. It will be noted that the total steel casting production very 
quickly reached a normal value and held fairly steadily for several 
years until the present difficulties came upon us. On the other 
hand, the percentage of alloy steel castings climbed steadily, mak- 
ing a new high each year. There was a slight drop in percentage 
in 1929-1930 but the progress was then resumed even in the dull 
years following. From a figure of only 4 per cent, the proportion 
of alloy steel castings has increased to over 17 per cent and gives 
every indication of going further. 

3. There are many reasons for the rapidly increasing im- 
portance of alloy steel castings, based on the ever-increasing tempo 
of production and the consequent demand for machinery and struc- 
tures capable of withstanding severe duty. Not the least important 
reason, however, is the better understanding of the problems of 
heat treating on the part of the foundry personnel and the more 
general equipment of foundries to do this kind of work. Once 
heat treatment became generally applied to all plain carbon steel 

* Vice-President, Union Carbide and Carbon Research Laboratories. 

Note: This paper was presented and discussed before the steel alloys ses- 
sion at the 1933 Convention of the American Foundrymen’s Association. The dis- 
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Fic. 1—PRODUCTION OF STEEL CASTINGS, 1921 To 1931. 


castings, analyses were found for alloy steel castings which fitted 
readily into steel foundry practice, and whose alloy cost added 
only slightly to the cost of the liquid steel and even less relatively 
to the cost of the final casting. When the superior properties that 
ean be obtained through this means are considered, the increased 
cost of the alloy steel casting is returned many times to the pur- 
chaser through the better service which he obtains from it. 

4. The steel founder has a wide range of choice in the par- 
ticular alloying element or elements he may use. LKach element 
recommends itself for consideration, and the advantage of special 
properties must be balanced against the cost of production. 

5. The purpose of this paper is to present the ease for 
chromium castings. It will be remembered that cliromium is used 
in conjunction with numerous other alloying elements which sup- 
plement the advantages of chromium taken singly. Among these 
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are nickel, molybdenum, vanadium, manganese, silicon and others, 
one or more of which may be used to augment the mechanical or 
develop special chemical qualities in the steel. The complex steels 
do not come within the province of this article, which deals only 
with plain chromium steels. 

6. In considering plain chromium steels there is a tendency 
to lose sight of the excellent mechanical properties that may be 
obtained with this element alone, in the light of the more spec- 
tacular behavior of the somewhat higher chromium steels, with 
regard to corrosion. This is a mistake, since the plain chromium 
steels of low chrome content have physical properties well adapted 
to many structural needs. 

7. Since the chrome steels grade from pure structural to 
corrosion resistant, the present paper will be divided into three 
parts. The first deals with castings containing 1 to 3 per cent 
chromium used for structural parts. The second covers a chro- 
mium content of from 4 to 7 per cent, used where both structural 
and certain corrosion requirements must be met. In the third part 
some cursory mention will be made of the special high-chromium 
corrosion-resistant steels. 


I—STEELs OF 1 TO 3% CHROMIUM FOR STRUCTURAL PARTS 


8. In Table 1 selected data are set down to illustrate physi- 
cal properties that can be obtained from plain chromium steel cast- 
ings with ordinary heat treatments. The carbon, silicon and man- 
ganese of the five steels illustrated are sufficiently uniform so 
that from the point of view of analysis chromium is the variable. 
The first is a plain carbon steel treated for the best combination 
of strength and ductility. 

9. The second illustrates the fact that by dropping the car- 
bon slightly and adding a small amount of chromium, both strength 
and ductility are raised. The point is important that the carbon 
is lowered and deserves some elaboration. Often in dealing with 
alloy steels the metallurgist works from the carbon steel end and 
attempts to modify the carbon steel by alloy additions. In reality, 
he will get better results by considering the alloy combination first 
and adjusting the carbon to give the desired results. By this 
route, in general, maximum ductility will be obtained for a given 
strength, and by the simplest heat treatments. This fact is still 
further illustrated by the third steel in this group which, if it 
had slightly lower carbon and higher chromium, would have had 
equally high strength and better ductility. 
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10. The last two analyses in Table 1 are characterized by 
somewhat unusually high chromium content. The physical prop- 
erties are very good, the ductility being high for steel of such high 
yield point and ultimate strength. Steels such as these are emi- 
nently suited to some structural uses, particularly where resistance 
to abrasion is needed. 

11. Table 2 contains data on another type of low-chromium 
steel of the Cromansil variety. In this analysis the manganese 
and silicon are about 0.5 and 0.25 per cent, respectively, over that 
common for plain carbon steel castings, and the chromium is held 
around 0.5 per cent. The steels are easily made and call for only 
a very moderate alloy cost. They run freely and behave well in 
the foundry, and they can be heat treated by ordinary air cooling 
methods. The ductility figures are exceptionally good for such 
high strength, being better than would be expected of plain carbon 
steels liquid quenched. 

12. The last four sets of figures in this table are for a Cro- 
mansil analysis to which a small vanadium addition has been made. 
The main effect of this addition is to obtain grain refinement, since 
its presence does not materially affect the physical properties. The 
figures are given for this analysis heat treated in four different 
ways. It will be noticed that while oil quenching gives slightly 
higher ductility values than air cooling, the improvement is hardly 
sufficient to warrant the additional cost and bother for the oil- 
quenching method, except when rigid specifications must be met. 
The main object of the inclusion of these figures is to emphasize 
the fact that by proper alloy combinations, steels can be produced 
whose properties are developed by simple, inexpensive methods of 
heat treatment. 

13. Only a few technical data have been given to illustrate 
the wide range of properties that can be obtained with chromium 
alone. Unfortunately, all the properties of a steel casting cannot 
be set down in a simple tabulation of figures; hence, such a table 
does not tell the whole story. 

14. The chrome steels have a combination of toughness and 
hardness which makes them very suitable for wear-resistant parts. 
In particular, the 3 per cent chromium grade is extremely well 
suited to such parts as rock-crushing equipment and dipper and 
dredge teeth. Chromium imparts a unique depth-hardening qual- 
ity which simplifies heat treatment and insures good uniform prop- 
erties throughout massive sections and throughout castings of 
greatly varying section. Considering the fact that chromium has 
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the lowest cost of any of the alloying elements not regularly used 
in steels, it is evident that through its use the metallurgist can 
often obtain the maximum in properties at the minimum expense. 


II—4 to 7% CHROMIUM FOR STRUCTURAL AND CORROSION 
REQUIREMENTS: 


15. This section deals with the steels of 4 to 7 per cent chro- 
mium content. The physical properties of this class at room tem- 
perature are sufficiently well shown in Table 3. The properties 
which are creating a new market for the 4 to 7 per cent chromium 
steels are: Strength at moderate temperature, noticeable increase 
in corrosion resistance, and resistance to scaling at moderate tem- 


Table 4 


RESISTANCE OF 0 TO 7 PER CENT CHROMIUM STEELS TO 
CORROSION PENETRATION IN 30-Day TEST 


-——Chromium Content of Steels, per cent———, 


0.00 1.06 2.77 4.64 7.14 
Test Solutions. 

7————- Inches Peneration in 30 Days ————\ 
Hot Aerated 
City Water 0.20 0.030 0.010 0.009 0.011 
Aerated 
Dilute HCl 0.025 0.022 0.008 0.005 0.004 
Aerated NaCl 
Solution 0.012 0.009 0.007 0.007 0.008 
NaCl Solution 
Aerated with H,S 0.023 0.010 0.005 0.004 0.003 
Aerated 
Dilute H,SO, 0.024 0.020 0.013 0.010 0.007 


perature. True creep strength figures are not yet available, but 
short-time tests indicate a safe load in excess of 20,000 lbs. per sq. 
in. at 800 degs. Fahr., and experience has shown very satisfactory 
performance at even higher temperatures. The corrosion resist- 
ance of this class of steels is indicated by the test results of Table 4, 
showing inches of penetration in a 30-day test. 

16. While these steels cannot be compared with the higher 
chromium true stainless steels for corrosion resistance, the tabula- 
tion shows a worth-while increase in corrosion resistance with 3 
per cent chromium or better in all tests, and a very good increase 
in resistance against dilute hydrochloric acid, hydrogen sulphide 
aerated salt, and dilute sulphuric acid solutions. 

17. The oxidation resistance of this type of steel has been 
sufficientiy confirmed in practice to give assurance that it is com- 
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Table 5 


RELATIVE OXIDATION RESISTANCE 
Per Cent. 


Sample. Loss in Weight. 
EN 90 6 aera eke, 00 as 0. 19 sre eS PIKE hegre Beate 34 
tie cus Va vel ceed Sewage to eons 36 
I UR I Sr SR te conc 1s gyre dg 6-00 4p 4150 SU 20 
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ee es Es 05 v6. oo oe sretews w09 Wo 0 sem 2 


mercially valuable for such service. The figures of Table 5 were 
obtained on samples which were all held in an open muffle furnace 
at 1500 degs. Fahr. for four weeks and: the percentage loss in 
weight then determined. 

18. It will be noticed that 6 per cent chromium steel could be 
expected to have materially longer life than ordinary steel at this 
temperature. The addition of a fairly large amount of titanium 
still further increases the life of the plain chromium steel, and if 
the carbon is held very low and a titanium addition made, the 
life becomes remarkably long. The development of the addition 
of titanium to the plain chromium steels to the extent shown in the 
example is by the Union Carbide and Carbon Researeh Labora- 
tories, Ine. 

19. The 4 to 6 per cent chromium steels without titanium 
addition may have a very low elongation and reduction of area, 
depending on the way in which the castings have cooled. This 
is due to the extreme air-hardening properties imparted by the 
chromium. Titanium has the effect of almost entirely eliminating 
the air-hardening property so that the steels are relatively ductile 
as cast. Simple reheating to about 1650 degs. Fahr. with slow 
cooling still further increases the ductility and toughness to values 
comparable with low-carbon ordinary steel castings. 

20. The sluggishness and poor foundry qualities that would 
naturally be expected from a steel with so much chromium and 
so little carbon can be overcome by increasing the silicon above 
that usually employed; the added silicon apparently has no detri- 
mental effect on the stability of this steel under corrosive condi- 
tions. Other elements are known to bring about the same effect 
as titanium, and these elements have a similar beneficial effect on 
other chromium steels than those containing 4 to 7 per cent of chro- 
mium. Unquestionably, further commercial experience with this 
modified analysis will greatly expand the field of use of the plain 
chromium steels. 
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II1I—SpectaL HigH-CHromiuM CorRosION-RESISTANT STEELS 


21. No discussion of the plain chromium steels would be 
complete without reference to the high-chromium corrosion and 
heat-resisting steels. However, so much has been written on this 
subject that here we will attempt only to summarize briefly the 
voluminous articles that have appeared elsewhere. Strauss,* only 
a year ago for this same society, gave such a complete story about 
these steels that little can be added to it. For the purpose of this 
present discussion the plain chromium corrosion and heat-resisting 
steels will be divided into three groups, those containing from 12 
to 16 per cent, 17 to 20 per cent, and upward of 20 per cent chro- 
mium. A typical set of figures indicating the physical properties 
of each of these grades is included in Table 3. 

22 The effect of chromium in increasing the corrosion resist- 
ance of steel is sufficiently marked at about 4 per cent chromium 
so that there is an important class of steel made for this service 
containing 4 to 7 per cent chromium which has been previously 
referred to. At about 11 per cent chromium content there is very 
marked increased resistance, so much as to create a very important 
class of commercial corrosion-resisting steel containing 12 to 14 per 
cent of that element. Castings of this steel are very resistant to 
corrosive action by fruit juices, hot lubricating oil, vinegar and 
vegetables, also basic materials such as lime and eaustie soda. 
Valves cast from them have given excellent service in high-pressure 
steam lines and hot oil transfer lines. 

23. By increasing the chromium content to about 18 per cent, 
corrosion resistance is still further improved. Castings in this class 
have given good service in the form of pump valves, valve trim, 
superheated steam lines, resistance to sea water, hot oils, foodstuffs 
and alkaline solutions, both hot and cold. Steels of still higher 
chromium content are used more particularly to resist extremely 
high temperature conditions, as in the handling of hot gases. 

24. Resistance to oxidation at elevated teraperatures improves 
in a somewhat lineal manner up to about 11 per cent chromium 
and is very markedly increased by still larger amounts. The 12 
to 14 per cent chromium castings can be used successfully for long 
periods of time in heat interchangers, furnace parts and similar 
equipment at temperatures up to about 1400 degs. Fahr. Those 
containing about 18 per cent chromium function very well at tem- 


* Jerome Strauss, “Castings of Corrosion Resistant Steels,”’ A.F.A.—A.S.T.M 
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peratures up to 1650 degs. Fahr., but where resistance to scaling 
is required, steels containing upward of 20 per cent and in some 
cases up to double this amount of chromium are much to be pre- 
ferred. Their resistance to scaling is very good up to 1800 degs. 
Fahr. and often to as high as 2000 degs. Fahr. 

25. Notable applications for this class of steel may be found 
in supporting disks in steel heat-treating furnaces, waste-heat re- 
cuperators, superheaters containing corrosive gases at high tem- 
peratures, rolling mill guides, and numerous other uses. They 
have been very successfully used as retorts to regenerated bone 
char in the sugar industry; in the form of pug-mill blades, tubes, 
hangers and saddles in the cement industry; for the handling of 
mixed acid solutions in the manufacture of gunpowder, and are 
without a peer in their performance in applications requiring re- 
sistance to acid mine water. 

26. One of the difficulties heretofore encountered in the cast- 
ing and use of steels containing over 20 per cent chromium is the 
tendency toward large columnar grains in the castings, and toward 
grain growth when held at high temperature for very long periods. 
The first difficulty has been entirely overcome and the second very 
materially reduced through the addition of appropriate amounts 
of nitrogen. 

27. Nitrogen is added through the medium of a special high- 
nitrogren ferrochrome, and must be present in the steel to the 
extent of one part for every hundred of chromium. Its use in- 
creases the strength and toughness very materially and the hard- 
ness slightly, but without detrimental effect on machinability. 

28. The particular value of the nitrogen addition, however, 
is in very greatly decreasing grain size, with consequent increase 





Fig. 2—-GRAIN REFINING EFFECT OF NITROGEN ADDITION TO 25 PER CENT 
CHROMIUM STEEL CASTINGS. 
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in toughness. The striking effect is well illustrated in photographs 
(Fig. 2) which show steels from heats as identical as possible in 
all respects except one containing fine crystals, this having re- 
ceived the nitrogen treatment. 

29. In Table 3 are figures comparing the physical properties 
of two 25 per cent chromium castings, one containing normal and 
the other the special amount of nitrogen. The marked increases 
in ultimate strength and yield point are easily apparent, but par- 
ticular attention is called to the figures for elongation and reduc- 
tion of area which, in the nitrogen-treated steel, are approximately 
double those of the steel with ordinary nitrogen content. These 
figures are for the ‘‘as east’’ condition and could be somewhat im- 
proved by proper heat treatment. 

30. Previous publications of the American Foundrymen’s As- 
sociation and the files of Union Carbide and Carbon Research 
Laboratories, Inec., have been drawn on for data without special 
acknowledgment. Grateful acknowledgment is given the American 
Steel Foundries, Atlantic Steel Castings Co., Empire Steel Castings 
Co., Ine., and the Duraloy Company for their kindness in allow- 
ing the use of their data for appropriate parts of this paper. 


(For discussion of this paper see page 256) 








Symposium—Allloys in Cast Steel 


At the session on alloys in steel castings, held June 21, 1933, 
the following four papers were presented : 
Molybdenum in Cast Steel, by H. W. Gillett and 
J. L. Gregg, Battelle Memorial Institute, Columbus, O. 
Properties and Uses of Some Cast Nickel Alloys, 
by Albert G. Zima, International Nickel Co., New York. 
Vanadium in Steel Castings, by Jerome Strauss, 
Vanadium Corp. of America, Bridgeville, Pa. 
Chromium in Steel Castings, by J. H. Critchett, 
Union Carbide and Carbon Research Laboratories, New 
York. 
The meeting was called to order by Chairman R. A. Bull and after 
presentation of the papers by the authors, the following discussion 
took place: 

CHAIRMAN R. A. But: The four papers presented cover a large 
number of grades of alloy cast steel. There probably are 50 different 
varieties of that material that are made by intentional introduction of 
one or more of these four alloys. I think most steel foundrymen desire 
further information concerning these and other alloys that have been 
used in making special cast steels. 

Five years ago, there was a greater tendency in foundries to confine 
their work to a few special types of alloy steels than there is today. The 
tendency to produce, in one plant, a great many compositions may become 
less as we learn more about the results from varied heat treatments. We 
can get a large variety of physical properties from each of many alloy 
steel compositions, depending on the heat treatment used. 

KF. G. Frisspie*: (Presented in written form and read by Chairman 
Bull) I would like to offer a few notes in conjunction with the paper, 
“Molybdenum in Cast Steel’. I have had experience in the manufacture 
of nickel-molybdenum, chrominum-molybdenum, manganese-molybdenum, 
chromium-manganese-molybdenum and a little in vanadium-molybdenum 
eastings. Any of those readily can be treated to produce the following 
minimum specifications: Yield point, 55,000 lbs. per sq. in.; tensile 
strength, 85,000 lbs. per sq. in.; elongation, 22 per cent; and reduction 
of area, 40 per cent. However, several of those combinations tend to 
produce machining difficulties under certain conditions. 

When it is necessary for machine work to be done 3 in. or deeper 
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under the surface of castings of the chromium-manganese-molybdenum 
type, hard spots frequently are encountered. They are complex carbides 
of iron-chromium-manganese-molybdenum and probably are precipitated 
during the cooling of the casting in the mold. These spots occasionally 
attain the size of a 25-cent piece and are unmachinable with ordinary 
tools. The chromium-molybdenum and manganese-molybdenum occasionally 
show this condition, but to a lesser degree. 

At the time this condition first was noticed, it was thought that 
improper operating conditions in the open hearth caused it. Considerable 
investigation lead us to believe that while inferior melting practice in- 
creased this trouble, good practice did not always eliminate it. Pouring 
temperatures next were considered. It was found that when castings 
weighing 1600 lbs. were poured in excess of 2825 degrees Fahr., hard 
spots frequently developed. Since it often was necessary to have 50 or 
more openings in a heat, it was impossible to pour all the castings at the 
proper temperature, and the chromium and manganese mixes were not 
used when castings were poured in which deep machine cuts were to be 
made. Nickel-molybdenum and vanadium-molybdenum mixes were free 
of the precipitated carbides. Prolonged soaking at temperatures in excess 
of 2000 degrees Fahr. dissipate them to some extent. 

Have such hard spots been reported, and if so, to what are they 
attributed? The approximate analysis of the steels previously mentioned 
are shown in Table 1. 


Table 1 
Composition of Steels* 

Type Mn. Cr. Ni. Mo. Ws 
SPEER aroicoryn-s-3-nen online eat .70 85 as 35 oe 
CO RE 1.30 se 7 35 
A Enero 1.20 .75 ea R53) 

PE eat g.cdee aunvesaaue .70 aa 1.35 35 ds 
Ms aaine sha oulen sienna .70 oe ee 35 12 


* Carbon 0.30 per cent, silicon 0.30 per cent, sulphur and phosphorus 0.05 
maximum. 


H. W. Grtett’®: I have never encountered hard spots in molybdenum 
steels. Observations of myself and others indicate that such spots are 
not common in steels of that type. 

I would like to have Mr. Critchett tell us a little more regarding 
nitrogen. Is its use advisable with the heat resistant alloys high in 
chromium and nickel? What are the limitations of its use? 

J. H. CritcHett*: Nitrogen is used largely in castings where there 
is difficulty from large grain size. I don’t think nickel-chromium steels 
are subject to that difficulty as much as the 25 per cent chromium steels. 
Therefore, the use has been largely in the plain chromium steel field. 
Nitrogen has some interesting effects on steel. It is far more effective 
than carbon in promoting a tendency toward austenitic structure. It 
gives a stiffening of the yield point without sacrifice of other good quali- 
ties, such as ductility and elongation and has a tendency to increase shock 


% Battelle Memorial Institute, Columbus, O. 
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resistance. The use of nitrogen does not seem to have any seriously 


deleterious effect. In 18-8 steel, an important effect is to improve machin- 
ability. Why, I do not know yet. A small addition of nitrogen to that 
steel will improve greatly the machinability. 

There is a trick in the use of nitrogen. It has to be introduced into 
the bath at the proper time and the steel should not be overheated too 
severely. A little time should elapse between the addition of the nitrogen 
and casting. That enables the bath to reach equilibrium. A ferrochrome 
containing approximately 0.70 per cent nitrogen is the source of that 
element. It is used in the proportion that will give the desired analysis. 
Nitrogen in gates, risers and returned scrap is recoverable on remelting. 

H. W. Gri_tetr: When you are using titanium and you also add 
nitrogen, do you form titanium nitride? 

J. H. Critcuetr: I have no information on that point. In general, 
titanium has been used in steels containing less than 25 per cent chro- 
mium. Most of our experience has been with the nitrogen addition only. 

H. F. Trerke’®: What is the effect of carbon content on the higher 
chromium steel? Does the variation in chrome from 25 to as high as 
31 per cent have any effect on heat and corrosion resistance? 

J. H. CritcHettr: Increasing the chromium above 25 per cent has a 
slightly beneficial effect both on the heat and corrosion resisting proper- 
ties of plain chromium steels. A 30 per cent chromium steel has slightly 
better heat and corrosion resisting properties than the 25 per cent variety. 
On the other hand, the difference between the 35 and 30 per cent steels 
is not nearly as marked as the difference between those containing 25 
and 20 per cent chromium. There seems to be a point in the range be- 
tween 20 and 25 per cent chromium where the heat resisting properties, 
particularly, are much improved. The change occurs at approximately 
22 per cent chromium. Then there is an almost straight line gradual 
improvement in properties from that point to 30 per cent chromium or 
more. 

I do not think that there is as marked improvement in corrosion 
resistance as in heat resistance. That class of steel seems to be useful 
for resistance to corrosion mainly in the presence of mixed acids as in 
mine water and powder manufacture. For straight resistance to miscel- 
laneous corroding media, I would choose another steel, some of the higher 
chromium or chromium-nickel steels. Apparently the properties at 25 per 
cent chromium are about as good as they are with 3 or 4 per cent more 
of that element. 

The carbon effect does not seem to be as important in steels of that 
high chromium content as in steels containing less chromium. The control 
of carbon is vital in a 12 to 14 per cent chrome steel and also in the 18-8 
variety. With 25 per cent chromium, the carbon exerts little effect on 
the resistance either to corrosion or oxidation. In steel castings, 0.40 or 
0.50 per cent carbon seems to give good results. Similar carbon content 
in either of the other grades mentioned would be ruinous. Under the 
microscope, up to about 0.20 or 0.22 per cent carbon, nothing much is 
visible. The carton is in solution and has no appreciable effect on the 
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structure. Carbon is not as critical in the high chrome steel as in other 
corrosion resisting steels. 

H. F. TreELKE: My experience has been that carbon is quite an im- 
portant item. If the metal contains much over 0.50 per cent carbon, 
trouble may develop in certain applications. Castings working at 2100 
degrees Fahr. have failed when the carbon content was between 0.65 
and 0.70 per cent but gave good service with a carbon content of 0.40 to 
0.50 per cent. 

A. W. Lorenz®: Has Mr. Critchett any information on the addition 
of nitrogen to low alloy steels? There has been considerable mention 
recently in the technical press regarding the evil effects of nitrogen. For 
instance, in the development of the shielded-arc process of welding, one 
of the advantages claimed is that the shielded are tends to eliminate 
nitrogen from the weld, making it much more ductile. We know that 
this is the case. A recent article in the technical press states that over 
0.07 per cent nitrogen is extremely detrimental to steel. I think Dr. West- 
gren, in a letter to Metal Progress, mentioned one case where the accumu- 
lation of nitrogen in the scrap used in the basic electric process had 
increased the content in the bath finally to such a figure that the steel 
became brittle. 

Have you done any work along those lines or has anyone else in- 
formation regarding the accumulative effect of nitrogen? These data do 
not seem to conform with the information obtained on high chromium 
steels. 

The written discussion inferred that steels with certain types of 
molybdenum additions were subject to hard spots. Our experience has 
been that when the machine shop complains of hard spots, the trouble 
is due to sand spots or dull tools. We have used forged nickel-chromium 
steels, with a high enough alloy content to be somewhat air-hardened, 
which passed through one machine and were machinable easily and then 
another machinist would complain that the steel contained hard spots. 

On investigation, we found that it was a matter of dull tools with 
insufficient clearance. Dull tools worked on the material until a thin 
glaze of extremely hard steel was formed. It was possible to get under 
the hard spot with a chisel and chip out the glazed portion. I do not 
think hard spots in molybdenum steel often are due to any chemical 
constituent formed by the molybdenum but rather to some simple natural 
cause. 

J. H. CritcHett: With respect to hard spots, another angle we have 
run into at times is that when the machinist complained of hard spots, 
the trouble was due to soft spots. Any difference in hardness between 
one grain and the next affects the action of the tool. In that case, the 
cutting edge may jump and glaze a short section. That section actually 
is softer than the surrounding metal. I agree that when hard spots are 
found, it is well to conduct a further examination to determine the exact 
cause of the trouble. 

H. W. Gittetrt: I think that Mr. Critchett has handled the question 
of hard spots very well. To have all the information, it may be well to 
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know whether molybdenum was added as molybdenum or as an oxide. 
My impression is that we should look first for extraneous causes before 
getting into complex chemistry. 

C. E. Stus‘: This matter of hard spots is something pertinent to all 
alloy-steel castings. There are different causes for hard spots. I agree 
with Mr. Lorenz, and some of the other speakers, that many of the hard 
spots are due to sand inclusions, dull tools, or some mechanical cause. 
Nevertheless, there is a condition which produces hard spots in alloy steels 
of the type to which I think Mr. Frisbie refers. The explanation for this 
type of hard spot is simple enough. Theoretically the cure is as simple 
as the explanation, but practically the cure often is difficult. The micro- 
graphs of Fig. 3 in the paper by Mr. Strauss on vanadium steel can be 
used as illustrations in this discussion. 

Although the common alloying elements, such as manganese, nickel, 
chromium, etec., are soluble largely in the solid state, during freezing there 
is considerable segregation. We are all more or less familiar with the 
freezing phenomena of an alloy such as steel. First, ribs of pure ferrite 
crystallize out, leaving the mother liquor richer in the impurities or alloy- 
ing constituents until finally a eutectic is reached. The material that 
freezes later is continually richer in the alloying constituents. This gives 
a steel a mottled appearance, which is analagous to banding in rolled steel. 
This mottled appearance is shown in the micrographs of the normalized 
steels in Fig. 3 previously mentioned. Dark streaks represent areas that 
are richer in the particular alloying constituent present. 

Under certain conditions, these richer areas reach a concentration of 
the alloying element that gives them air hardening properties. The rela- 
tive concentration of the alloy will depend upon the general composition 
of the steel and the condition of freezing. In general, anything that 
furthers greater segregation, will tend to produce a greater differential 
between the richness of the alloying constituent in the various parts. In 
certain alloy steels, which in a normalized condition would have a general 
hardness of about 20 to 22 Rockwell C, certain small areas, easily dis- 
tinguishable under the microscope, exist with a martensitic structure which 
would run as high as 45 to 50 Rockwell C. The steel in these areas is 
sufficiently high in alloys to be air hardening. The cooling rate has a 
great effect on these hard spots. Steel that shows pronounced hard spots 
in the normalized state will be free from them in the annealed state. If 
the cooling rate is accelerated somewhat above ordinary normalizing, they 
will be accentuated greatly. The cure is in the readjustment of the 
composition, a different proportioning of carbon and the alloying con- 
stituents. 

Molybdenum might be a saving factor in this case. It might be 
possible to decrease the quantity of some other element and add a small 
amount of molybdenum. Reducing the concentration in this way would 
tend to eliminate the hard spots, while the addition of the molybdenum 
might give the same hardening characteristics as with the higher concen- 
tration of alloy element minus the molybdenum. Cases are known where 
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hard spots were eliminated by using two alloying constituents where only 
one had been used previously. 

H. W. Gittetr: Your suggestion sounds as though you were talking 
about tiny spots. Mr. Frisbie stated he had hard spots as big as a quarter. 

C. E. Stms: The hard spots I referred to show up during machining 
as areas about 1/16 inch diameter. 

JEROME StraAvuss*: I recall an article recently written by H. H. 
Morgan, Robert W. Hunt Co. on the occurrence of hard spots in manganese 
steel rails, in which he records segregations containing approximately 4 
per cent manganese in a rail having an average content of this element 
of 1% per cent. 

Bearing on Mr. Sims’ discussion and Dr. Gillett’s question, within the 
past week we made two small melts in an Ajax furnace, under conditions 
insuring complete solution and thorough mixing, whose average composi- 
tion was approximately 0.40 per cent carbon, 1.20 per cent manganese, and 
0.70 per cent chromium, with other elements normal. The heat treatment 
involved a final tempering at 750 degrees Fahrenheit. Large areas of the 
test bars were almost unmachinable. While not making any systematic 
study of the segregation, we observed in the first heat a variation in 
manganese from 0.78 to 1.70 per cent and in the second from 0.99 to 
2.81 per cent. 

In respect to Mr. Lorenz's discussion on the influence of nitrogen, it 
is important that we regard its mode of combination and degree of dis- 
persion. This applies particularly to the consideration of electric welds. 
That those made with bare electrodes can not but be lacking in toughness 
is evident from microscopic examination. At high magnification large 
brittle intercrystalline masses of nitride are evident which, when the 
nitrogen content is about one tenth of one per cent or more, approach a 
continuous network. Such material can obviously have little ductility. 
On the other hand, a low alloy steel containing nitrogen, distributed in the 
manner in which it occurs in the surface of nitrided steels, would be 
expected to show quite different properties. 

CHAIRMAN R. A. Buti: Referring to the description of the particular 
test bars, was the segregation throughout the bar? 

J. Strauss: The segregation appeared to be confined to the metal 
near the end and bottom surfaces of the castings and was greater at one 
end than at the other. It may be well to record here that the castings 
were poured in dry sand. 

W. C. Hamitton*®: The subject of welding has not been brought up 
in this symposium, but it is important in connection with all castings. 
Considering two steels of the same approximate physical properties in a 
normalized condition, obtained from entirely different alloys, is it possible 
to weld one without any preheating or any heat treatment subsequently 
yet the other require strict precautions? 

H. F. Tretke: Some of the more complicated alloys such as tungsten, 
cobalt and chromium steels are extremely difficult to weld, even with 
preheating. The lower alloys present little difficulty in welding. They 
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should all be heat treated after welding regardless of composition. 
P. E. McKInnExY”: It would be unfortunate if we allowed this sym- 


posium to go into the records of the American Foundrymen’s Association 
without having some contribution on some of the other influences of the 
various alloys mentioned. These include the effect on welding practice, 
fluidity, hot tears, the extent to which methods for equalizing the effect 
of nonuniform cross sections, such as by chilling, can be used, etc. The 
discussion would not be complete unless we had some idea of the relative 
casting properties, the extent to which various alloy compositions are 
susceptible and applicable in various cross-sections, considered from the 
standpoint of uniformity of design and other problems which every prac- 
tical foundryman must solve when selecting an alloy to use for a com- 
plicated casting. 

J. C. PENDLETON": I use alloy steel in all my casts. I do not use it 
for the strength but to eliminate hot tears. Certain alloys do that espe- 
cially in extremely complicated casts. I use as high carbon as possible 
and nickel because I believe that it increases fluidity. I do not have any 
trouble getting the strength. My idea is simply to get the casting without 
a hot tear. 

A. G. Zima™: In regard to the question of nickel and its influence on 
the fluidity of casting steel, I have found that quite a number of foundries 
have attributed their freedom from hot tear troubles and other foundry 
difficulties to increased fluidity imparted by small percentages of nickel. 
I have tried to secure specific data on this subject but have not been 
successful yet. 

C. E. Stms: Have either of the last two speakers any idea or explana- 
tion as to why increased fluidity helps to prevent hot tears? 

P. E. McKinney: If castings can be poured at a lower temperature, 
better results seem to be obtained. If most specifications would not re- 
strict carbon content to 0.35 per cent, less hot tears would result. 

J. Strauss: It seems to me that this question of hot tears is very 
closely related to a subject upon which we have very little information. 
Not that I am able to contribute any at this time, but perhaps a sug- 
gestion to well equipped universities seeking suitable problems for labora- 
tory investigation might be effective. If we really knew something of the 
strength and ductility of these various cast steels at temperatures between 
the solidus and the lower transformation, we might be better fitted to 
rationally discuss this question. : 

F. A. MetmotH™: I would like to know more about the methods of 
producing those steels. Were they made in the induction furnace, open 
hearth, ete.? I also would like to know a little about the type test bar 
from which the tests were cut and more details about the various heat 
treatments. 

Our knowledge of alloy steel castings has not reached finality when 
we know how to produce certain tests from a prepared test bar made 
under highly controlled conditions. I agree with the suggestion that it 
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might be studied further and as soon as possible arrangement should be 
made to get some information on the behavior of alloy steels in the 
foundry itself. 

H. W. Maack": With reference to failure of steel castings by crack- 
ing, cracks in castings of an air hardening steel may be a quite different 
effect from that of hot tears in other steel compositions, We know from 
heat treating experience that if an alloy or high carbon stee: is not 
drawn soon enough after it has been quenched, it may rupture from 
strains. I think we can expect the same of air hardening steel castings. 
They must be nursed aiong slowly through the cooling period to avoid 
cracking. It was brought out that nickel-vanadium steels are extremely 
shock resistant. Data are published to show that nickel-molybdenum steel 
also is highly shock resistant. I would like to ask Dr. Gillett if he has 
information on the possible beneficial effect of molybdenum in conferring 
impact resistance at subnormal temperatures. 

H. W. Gitterr: I don’t think you can credit molybdenum with any 
notably beneficial effect at low temperatures. Nickel is a specific for 
low temperature properties. In our own work, and that which was done 
at Wright Field, carbon steel seems to be the one that is susceptible 
peculiarly to low temperature. Most of the alloy steels that have been 
studied were far less susceptible. Of all the alloys, nickel apparently 
has the strongest effect in avoiding low temperature difficulties. 

Cc. E. Sims: You refer to a homely problem in the matter of spot 
welding. Any alloy steel that is spot welded, especially when are welding 
is used, as in the correction of a small surface defect, will have a hard 
spot around this weld unless it is annealed subsequently. Often hard 
spots are encountered during machining, which are about the size of a 
quarter and in the shape of a ring. A weld will be found in the center 
of this ring. 

GeorGE Batry”: If the foundryman will apply some of these peculiar 
characteristics, he sometimes can make capital out of them. I have in 
mind a case where a bucket casting was not working well. The sockets 
of the teeth were worn badly. Knowing the peculiarity Mr. Sims has 
spoken of, we applied similar arc welding in spots to create these hard 
rings, and produced a local abrasion resistant material. 

J. Strauss: I should like to refer briefly to the subject of mechanical 
properties at low temperatures. These comments are based on experi- 
ments with wrought steels at lower temperatures than have thus far been 
considered in this discussion; namely approximately 300 degrees Fahren- 
heit below zero. Carbon steels are extremely poor at such temperatures. 
The low alloy steels are only a little better. However, it was evident in 
tests made at the U. S. Naval Gun Factory, Washington, 7 or 8 years ago 
that the distribution of the micro-constituents might have some bearing 
as there were very appreciable differences in the degree of embrittlement 
of carbon steels depending upon the heat treatment employed. I think 
that some day we may have more complete information if time is afforded 
to give the problem ample attention. 
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(Contributed as written discussion)—In Table 2 of the paper, “Chro- 
mium in Steel Castings,’ are shown the properties of a manganese-silicon- 
chromium-vanadium cast steel in several conditions of heat treatment 
including the normalized and tempered state. These properties do not 
compare favorably, particularly in respect to elongation and reduction of 
area, with those of the manganese-chromium-vanadium steels, Nos. 6 to 8 
of Table 5, of my own paper presented at this session. Of these three 
steels, No. 8 compares closely in respect to composition, the major excep- 
tion being the silicon content, which is 0.47 per cent as compared with 
Mr. Critchett’s 0.80 per cent. While there are many variables that enter 
into the final properties of a test bar of cast steel in addition to composi- 
tion, other experiences have led to the belief that high silicon content in 
low alloy steels, especially above 0.70 per cent, is not desirable and that 
other elements introduced to obtain equivalent hardness result in better 
values of ductility. From these tests, it is apparent that somewhat better 
results may be obtained by suitably balancing composition and heat treat- 
ment. 

In Table 3, Mr. Critchett has given information on the properties of 
medium chromium content steels containing other elements. As a further 
contribution, the following four tests made in the laboratories of the 
Vanadium Corporation of America are quoted in Table 2. 


Table 2 

Yield Pt. Ult. Str. % Elong. % Ked. in 
©. ms. i. Cx, > We Lb./Sq. In. Lb./Sq. In. in 2 Inches. Area 
34 55 34 1.16 92 .27 67300 101500 25.0 53.0 
32 86 33 128 2.25 .27 82800 115250 19.0 41.3 
26 49 17 #123 4.50 .19 68150 100600 24.5 56.2 
ae see ee EN hice ses 37100 76950 34.0 78.4 


All of these tests were taken from double normalized and tempered 
material. The properties of the three heat-resisting steels are excellent 
but it is of particular interest to note the high reduction of area of the 
low carbon plain chromium steel, which is unusual for a casting even of 
such low tensile strength. At the same time, the yield ratio is very low, 
probably, because the second normalizing temperature was too low for 
effective hardening. That could be improved without sacrifice of ductility 
by modification of composition. 


J. H. CritcHett: In the early part of Mr. Strauss’ written discussion, 
he brings up some difference between the properties of steel cited in my 
paper and an analagous steel based mainly on the silicon content and 
whether it is desirable to have over 0.70 -per cent silicon. That depends 
a tremendous amount on the way the heat is made and the way the silicon 
is added. Some figures have been contributed that are even more favor- 
able than those in my paper. In choosing the figures in my tables, I 
have not in any instance picked the highest that could be found. All the 
examples are taken from commercial production. Test bars and methods 
of testing are those which are standard in foundries. 

Considerable work has been done lately in our own laboratories on 
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low temperature properties. In general, the best low temperature prop- 
erties seem to be derived from a combination of alloying elements. When 
an austenite forming element is combined with a carbide forming element, 
better low temperature properties are obtained than when either is used 
alone. In general, alloy steels are much superior to plain carbon steels 
for low temperature properties. 


P. E. McKinney: Regarding the high silicon alloy mentioned, have 
you made any actual comparative studies on the amount of shrinkage as 
compared with manganese steel with about the same manganese and car- 
bon content? 


J. H. Crircuett: I have no definite data but from observations of 
castings made from the same pattern, there does not seem to be enough 
difference between the two alloys to create any new problem. 


P. E. McKINNEY: The reason I ask that is because we have observed 
that high silicon content produces much more internal shrinkage trouble. 


J. Strauss: The work I had in mind showed a marked decrease in 
the ductility of a number of cast low-alloy steels when the silicon ex- 
ceeded 0.70 per cent. Better ductility for given strength or yield point 
could be obtained by a combination of the carbon and alloying elements 
that did not involve or require silicon in excess of that amount. 


A. G. Zima: One of the things I noticed in writing this paper on 
“Properties and Uses of Some Cast Nickel Alloy Steels” was the difficulty 
of obtaining consistent impact data. A foundryman wrote me recently 
that he had made a series of impact tests with a simple notch. The bars 
were heat treated identically but the notches were made in different man- 
ners. In one case, the notch was drilled, in another case drilled and 
subsequently machined, but to identical dimensions. He claimed that he 
got greatly varying results by these methods of making the impact spec- 
imen. Not only that, but we find impact specimen of various dimensions 
and it is difficult to obtain any consistent or relative figures. It might 
be a good move for the foundrymen to get together on one or possibly 
two standard impact tests and develop a procedure that would be com- 
prehensible throughout the industry. 


In regard to hard spots, about four or five years ago, I visited a 
foundry annealing about 5,000 small pinions made of nickel-chromium- 
molybdenum, air hardening steel. They were in a hurry and dumped 
the gears upon the furnace car in a large heap, pushed the car into the 
furnace, heated it the prescribed length of time at the proper tempera- 
ture, removed it, and. sent the castings to the machine shop. Brinell hard- 
ness ran from 200 to 400. Hardly any two gears were alike. The reason 
was that castings at the top of the pile obtained thorough annealing 
while some in the center never reached the critical point. Various parts 
of the charge were receiving different treatments, although the pyrometer 
indicated that the charge was annealed properly. Another reason may 
be welding or spotting of pin holes and small imperfections in the casting, 
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or removal of the risers with the acetylene torch without subsequent 
annealing. All of those contribute to hard spots. 

I have an idea regarding the large crystals which Mr. Critchett men- 
tioned on high chromium steels. There is an excellent contribution on 
the control of grain size by the control of pouring temperature. This was 
written by Rys in Kruppsche Monatschefte, April, 1930, page 50. 









































Silal and Nicrosilal Heat-Resisting 


Cast lrons 


By A. L. Noreury,* D.Sc., anp E. Morean,* M.Sc., 
BIRMINGHAM, ENGLAND 


Abstract 

The present paper contains a general account of the prop- 
erties of two recently developed heat-resisting gray cast 
irons. Detailed accounts of their mechanical and physical 
properties, microstructures, etc., have been previously pub- 
lished (see footnotes 1, 2). These irons, under the names of 
“Silal” and “Nicrosilal,” are high-silicon irons with nickel 
and chromium in the Nicrosilal. Effects of the various ele- 
ments are discussed. Very definite advantages in regard to 
scale and growth resistance are cited. 


1. Silal’ is a gray east iron containing for most purposes 
about 5 per cent silicon and 2.5 per cent total carbon, and having 
a fine graphite structure. The increased silicon content greatly 
increases the resistance to oxidation, and the iron gives much bet- 
ter service than the best low-silicon irons for purposes such as 
fire-bars, furnace parts, ete., at temperatures up to about 850 degs. 
Cent. (1562 degs. Fahr.), as illustrated in Figs. 1 and 2. 

2. The iron, however, is not suitable for castings which are 





* British Cast Iron Research Association. 

1 Norbury, A. L., and Morgan, E., “The Effect of Carbon and Silicon on 
— and" Sealing "of Gray Cast Iron.” JIron and Steel Inst. Journal, 1931, 
n Pp 3. 

British Patent 323,076 of 1929. 

Norbury, A. L., and Morgan, E., “The Effect of Melting Conditions on Micro- 
structure and Mechanical Properties of Gray Cast Irons Sane, Various 
Amounts of Carbon and Silicon.” Iron and Steel Inst. Journal, 1930, n. 1, p. 367. 

2 Norbury, A. L., and Morgan, iE. “Nickel-Chromium-Silicon Cast Irons.” Jron 
and Steel Inst. Journal, 1932, n. 

Norbury, A. L., and Mabon. BE. “Manganese-Silicon and Nickel-Silicon Cast 
Irons.” Jron and Steel Inst. Journal, 1932, n. 1, p. 393. 

British Patent 378,508 of 1932. 

NOTE This paper was presented before one of the sessions on Cast Iron at 
the 1933 Convention of American Foundrymen’s Association. 
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Fic. 1—Left: Simant Fire Grate AFTER THREE YEARS IN SERVICE. Right: 
Fire GRATE OF ORDINARY IRON AS SUPPLIED BY FIREPLACE MANUFACTURERS, 
AFTER Two YEARS IN SERVICE. (PHOTOGRAPHS ONE-THIRTEENTH ACTUAL SIZE, 
SUPPLIED BY SMITH, PATTERSON & Co. LTD., BLAYDON-ON-TYNE.) 
subjected to rapid local heating or cooling, since under such con- 
ditions it is liable to crack owing to its brittle character. It is 
easily machinable and can be produced in the cupola. 

3. Nicrosilal is an austentic gray cast iron, similar in certain 
respects to Niresist,’ containing for most purposes about 2 per 
cent total carbon, 5 per cent silicon, 1 per cent manganese, 18 per 
cent nickel and 2 to 5 per cent chromium. The iron is extremely 
tough and ductile, in spite of its high silicon content. which in- 
creases the resistance to oxidation as in the case of Silal. The ox- 
idation resistance is further increased by the chromium content, 
so that even at 950 degs. Cent. (1742 degs. Fahr.), sealing only 
proceeds very slowly (see Fig. 3), and growth is practically nil. 

4, The iron is easily machinable and takes a very fine finish. 
It is non-magnetic and, like Niresist, has good corrosion-resisting 
properties. 

5. Certain compositions may be cast white and malleableized 
by heating for half an hour at 950 degs. Cent. (1742 degs. Fahr.), 
as shown in Fig. 4; others may be hardened by tempering at about 
600 degs. Cent. (1112 degs. Fahr.) The iron can be produced in 
the cupola and has good fluidity (see Fig. 4) and ‘‘castability.’” 


PROPERTIES AND COMPOSITION OF SILAL 
Silicon Content. 
6. The high silicon content of Silal has several advantageous 
effects on the heat-resisting properties. It increases the resistance 


?Vanick, J. S., and Merica, P. D., “Corrosion and Heat-Resistant Nickel- 
Copper-Chromium Cast Iron.” Transactions A.8.8.T., 1930, v. 18, p. 923. 
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| OXIDIZED METAL _ 


> 





Fic. 2—A: EpGe oF FuRNACE-PLATE CASTING, APPROXIMATELY 3 FT. x 2 Ft. 
x \% In.), AFTER THREE FirRiIncs aT 850 Dnes. Cent. (1562 Decs. Fanr.) 
CasTING WAS OXIDIZED THROUGHOUT, DISTORTED AND CRACKED, LENGTH IN- 
CREASING APPROXIMATELY 1% INCHES. X75. B: EpGe OF SIMILAR CASTING 
IN SrcraL AFTER 60 To 70 Firines at 850 Decs. Cent. (1562 Dees. FAR.) 
CASTING STILL IN Goop CONDITION, COATED WITH THIN ADHERENT SCALE, 
LENGTH INCREASING APPROXIMATELY % INCH. X75; REDUCED ONE-THIRD 
IN PRINTING. 


to oxidation very considerably (see Figs. 1 and 2); it raises the 
temperature of the discontinuous volume change which accelerates 
growth to above 900 degs. Cent. (1652 degs. Fahr.), and conse- 
quently to above the temperature reached in service; it lowers the 
total carbon content; it increases the strength at the working 
temperature, and it eliminates combined carbon which may graph- 
itize and cause a volume increase. 

7. On the other hand, the high silicon content has the detri- 
mental effect of making the iron brittle and low in impact strength 
and ductility at temperatures below a black heat. At higher tem- 
peratures it is quite ductile and does not crack, and is consider- 
ably stronger than a low silicon iron. 

8. For most purposes a silicon content of about 5 per cent 
has proved best, since such an iron is easily machinable, not too 
brittle, and has a tensile strength of up to 44,800 lbs. per sq. in., 
with a total carbon content of 2.5 per cent. Such a composition 
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can easily be made in a cupola from ferrosilicon and steel scrap, 
since the solubility at a given temperature of carbon in molten 
east iron is lowered about 0.25 per cent total carbon by each 1 
per cent silicon present. 

9. A total carbon. content of about 2.5 per cent gives the 
best compromise of properties for light castings; although a lower 
total carbon content gives greater heat-resistance and strength, it 
increases the liquid shrinkage, lowers the fluidity, and increases 
the tendency to mottle on thin sections. For heavier castings the 
total earbon content should be lowered in order to obtain as fine 
a graphite structure and as high a strength as possible. 


Phosphorus, Manganese and Sulphur Contents. 

10. The phosphorus content has the same effect that it has 
on low-silicon irons, and is best at not more than about 0.5 per 
eent. The manganese should not be greatly in excess of that re- 
quired to neutralize whatever sulphur is present, which requires 
about (0.3-++1.7* %S) per cent manganese.* If the manganese is 
much higher than this it tends to make the iron pearlitic, espe- 
cially if it is cooled rapidly, which reduces the machinability. 
Moreover, manganese decreases the resistance to scaling. 


Oxidation Resistance of 5% and 10% Silicon Silal Irons. 

11. The 5 per cent silicon iron gives good resistance to 
growth and sealing at temperatures up to about 850 degs. Cent. 
(1562 degs. Fahr.), but at higher temperatures it scales more 
rapidly and, unless the total carbon content is very low and the 
graphite flakes very thin, may give worse service than a low- 
silicon iron. Being more brittle, the growth more readily produces 
eracks down which the oxidation advances toward the interior. 

12. This is in agreement with Carpenter and Rugan’s find- 
ing’ that 4 to 6 per cent silicon irons, which had very coarse 
graphite structures, grew more rapidly and to a greater extent 
than low-silicon irons when repeatedly heated at 950 degs. Cent. 
(1742 degs. Fahr.) in a muffle. If, however, the silicon content is 
increased, the resistance to sealing is also increased and with, for 
example, about 10 per cent silicon present, scaling is very slow at 
950 degs. Cent. (1742 degs. Fahr.) 

13. The practical application of a 10 per cent silicon iron, 


*Norbury, A. L., “Manganese in Cast Iron.” Inst. of British Foundrymen 
Proceedings, 1928-29, v. 22, p. 151. 

5 Carpenter, H. C. H., and Rugan, ‘““‘The Growth of Cast Irons After Repeated 
Heating.”” Jron and Steel Inst. Journal, 1909, n. 2, p. 29; and 1911, n. 1, p. 196. 
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however, is more limited on account of its increased brittleness. 
In such an iron the total carbon content must be further reduced, 
to about 1.6 per cent for light castings, in order to obtain a fine 
graphite structure. 


PROPERTIES AND COMPOSITION OF NICROSILAL 
General Properties of Nicrosilal. 

14. Nicrosilal,* which contains for most purposes about 2 per 
cent total carbon, 5 per cent silicon, 1 per cent manganese, 2 to 5 
per cent chromium and 18 per cent nickel, has the good heat-re- 
sisting properties of Silal, on account of its high silicon content, 
together with further heat-resistance conferred by its chromium 
content (see Fig. 3) and toughness and ductility (see Fig. 4) con- 
ferred by its nickel content. It has not the undesirable brittle 
quality of Silal and is more resistant to oxidation and has greater 
strength at high temperatures. 

15. It is remarkable that although the presence of 3 or 4 
per cent silicon in pearlitic or ferritic irons reduces the ductility 
and elongation in tensile almost to zero, yet as much as 7 per cent 
silicon may be present in austenitic irons and excellent ductility 
still obtained, as indicated by a 3 per cent elongation in tensile. 
Tensile strengths of over 44,800 lbs. per sq. in. may be obtained 
and Brinell numbers as low as 110. 

16. The iron is non-magnetic and has an electrical resistivity 
in the neighborhood of 150 michroms per cu. em., depending on the 
analysis. The average coefficient of expansion up to 1000 degs. 
Cent. (1832 degs. Fahr.) is about 1.8x10—° per degree Centi- 
grade, as compared with the 1.4 value of pearlitic and ferritic 
irons. It has good corrosion-resisting properties, and certain com- 
positions may be malleableized by casting white and annealing for 
half an hour at 950 degs. Cent. (1742 degs. Fahr.)—see Fig. 4— 
while others may be hardened by tempering. 

17. The iron can be produced in the cupola and has good 
fluidity and ‘‘castability’’ (see Fig. 4). Its freezing point is 
about the same as that of low phosphorus gray iron, but it re- 
quires more feeding on account of its lower graphite content plus 
higher casting temperature. 


Total Carbon Content. 


18. A total carbon content of about 2.0 per cent gives the 
best compromise of properties for light castings. There is no 
difficulty in obtaining such a total carbon from a cupola melt, 
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since the solubility of carbon in molten cast iron at a given tem- 
perature is reduced about 1.25 per cent by 5 per cent silicon, and 
about 0.7 per cent by 18 per cent nickel. The lower the carbon 
content, the greater the strength and heat-resistance, but the 
greater the liquid shrinkage and tendency to mottle on thin sec- 
tions. 

19. Such sections may be cast white by using a sufficiently 
low total carbon content (which is about 1.8 per cent in the 1/10 
inch thick castings shown in Fig. 4) and then malleableizing by 
heating for about half an hour at 950 degs. Cent. (1742 degs. 
Fahr.), whereby a ductility is obtained comparable with that of 
malleable iron. White iron produced by a raised chromium con- 
tent does not graphitize in this way. 


Silicon Content. 

20. For most purposes a silicon content of about 5 per cent 
is best, since compositions containing more than about 5 per cent 
silicon and less than about 17 per cent nickel have the property 
of hardening on tempering at about 600 degs. Cent. (1112 degs. 
Fahr.) This hardening is due to the conversion of austenite into 





Fig. 3—Errect oF TEN HEATS, EACH OF THREE HOURS DURATION, ON 3X % 
IncuH Bars aT 950 Decs. Cent. (1742 Decs. FAnur.) A: HIGH-QUALITY 
ENGINEERING IRON, INCREASED 70% IN VOLUME, 21% IN WEIGHT. B;: HIGH- 
QUALITY ENGINEERING IRON, INCREASED 47% IN VOLUME, 11% IN WEIGHT. C: 
LOw-CHROMIUM NICROSILAL, DECREASED 2.5% IN VOLUME, 5% IN WEIGHT. 
D: HiGH-CHROMIUM NICROSILAL, INCREASED 0.4% IN VOLUME, DECREASED 
1.3% IN WEIGHT. Figures FoR C AND D LOWERED By SCALE FLAKING OFF. 
(PHOTOGRAPHS AND TESTS SUPPLIED BY VICKERS-ARMSTRONG LTD., BARROW- 
IN-FURNESS.) 
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Fig. 4—NICROSILAL CASTING HAVING SECTION OF APPROXIMATELY 1/10 INCH, 

Run WITHOUT DIFFICULTY IN GREEN SAND. CASTING WAS MOTTLED As CAST, 

But WAS MALLEABLEIZED BY HEATING TO 950 Decs. CENT. (1742 Decs. FAunr.) 
OneE-HALF Hour, AND WHEN CoLD WAS BENT ALMOST DOUBLE. 


martensite, and when it occurs the iron increases in volume and 
becomes magnetic. 

21. The amount of austenite in a given iron to change in 
this way increases as the silicon content increases and as the nickel 
content decreases. If the composition and conditions of temper- 
ing are such that a considerable amount of austenite decomposes 
and the volume change is of considerable amount, it is liable to 
cause distortion, cracking and growth, especially if repeatedly 
undergone. 

22. Consequently, for service conditions which involve re- 
peated heating at about 500 to 700 degs. Cent. (932 to 1292 degs. 
Fahr.) for any length of time, compositions should be used which 
do not decompose to martensite to any great extent. On the other 
hand, compositions which can be hardened by tempering have 
interesting possibilities for applications involving wear resistance. 

23. Another limit to the silicon content is that it should not 
exceed 6 per cent with 20 per cent nickel, or 7 per cent with 16 
per cent nickel, since silicon in excess of the above amounts is not 
retained in solid solution but is present in the microstructure as 
a hard, brittle silicide which reduces the ductility and machina- 
bility. Apart from the above, the silicon should be as high as 
possible, since the higher it. is, the greater the resistance to oxi- 
dation and the greater the strength at high temperatures. 
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Nickel Content. 

24. The nickel content should be not less than 17 per cent if 
the above hardening on tempering is undesirable. If, however, 
the service conditions are such that the casting is not subjected to 
tempering at 500 to 700 degs. Cent. (9382 to 1292 degs Fahr.) for 
any appreciable time, the nickel content may be as low as 13 per 
cent and machinable austenitic irons still obtained. 

25. The above nickel percentages all refer to irons having 
chromium contents in excess of about 1.8 per cent. Although 18 
per cent nickel is required to make an iron austenitic when no 
chromium is present, this 18 per cent is progressively lowered to 
13 per cent nickel as the chromium content is increased to about 
1.8 per cent; further increase in the chromium content does not 
further reduce the amount of nickel required. 

26. If the nickel content is lowered below 13 per cent, hard 
martensitic irons are obtained which become progressively less 
ductile and give increasingly large volume changes on heating and 
cooling as the nickel is decreased. Finally, the irons become fer- 
ritie and brittle when the nickel is below about 7 per cent with 5 
per cent silicon, 8 per cent with 6 per cent silicon, and 10 per cent 
with 7 per cent silicon. The lower limit of nickel for nearly all 
heat-resisting applications is, consequently, about 13 per cent. The 
higher limit may be as much as 20 per cent in cases where, for 
example, the surface of the casting is peened by cold chiseling 
which causes work hardening. 


Chromium Content. 

27. The chromium content should not be less than about 1.8 
per cent, as indicated above, and should be as high as possible 
in order to obtain the greatest heat resistance, since chromium 
increases the resistance to oxidation and refines the graphite 
structure. Chromium may be increased for this purpose to a 
greater amount in the case of thick-section castings. 

28. On the other hand, its carbide-forming action increases 
the tendency to mottle, increases liquid shrinkage, hardens the iron 
and reduces machinability. With about 1.8 per cent chromium 
the irons are easy to machine; with 5 per cent chromium the 
irons are becoming definitely mottled but are still machinable with 
high-speed tool steel. 


Manganese, Phosphorus and Sulphur Contents. 
29. The manganese content should be sufficient to neutralize 
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whatever sulphur is present, but it should not be much above about 
1 per cent. Although it acts in the same manner as nickel in 
making cast iron austenitic (being about twice as powerful weight 
for weight), it has the undesirable action of reducing the resist- 
ance to sealing and of increasing the tendency to mottle. 

30. The phosphorus content should be below 0.1 per cent if 
the iron is to be used at temperatures near 960 degs. Cent. (1760 
degs. Fahr.), at which temperature any phosphide present in the 
iron melts and reduces the strength to a very low figure. Sulphur 
is undesirable, especially if it segregates, and it should be as low 
as possible. 


DISCUSSION 


Note: As the authors of the paper were unable to be present at the 
meeting, their paper was read by J. S. Vanick, International Nickel Co. 

W. W. Keritin:*? The suggestion that this iron must not be heated 
too rapidly is a little bit hazy in my mind. My idea of a rapidly heated 
iron is an ingot mold for which Silal would obviously be unsuited. Would 
it be suitable for such a casting as an aluminum melting pot, which some- 
times suffers from abuse in severe local heating? 

J. S. Vanick: Of course, I plan to refer these questions te the 
authors ultimately, and will merely reply to any discussion in the light 





1Gray Iron Institute, Cleveland, Ohio. 
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of any experience we may have had with similar compositions. My 
thought in the case of the aluminum melting pot would be, first; that per- 
haps the solubility of the silicon in the aluminum is so great that you 
would not have every good foundation material to work with; second, a 
possible high expansivity and low heat conductivity. You have already 
presumed that the Silal composition is not suitable, and I am inclined to 
agree, because aluminum pots, like many other castings, are heated in 
jerky cycles. I would not expect the Nicrosilal to be better because of the 
high expansivity and the risk of fire-cracking. High expansivity is usually 
associated with a somewhat lesser heat conductivity which accentuates 
the surface cracking effect. 


MEMBER: I have had very little experience with Nicrosilal but we 
have done quite a lot with Silal. It is not quite as simple to handle as it 
first appears. The mixture can be melted easily and readily—there is no 
doubt about that—and you can get the very low carbons without any 
trouble, but the results depend entirely on the structure of the metal in 
the castings. 


I have here some figures that were taken by an independent firm, 
which had an idea of using this metal for low temperature carbonization. 
There were four lots in the experiments. For one lot the total carbon 
was 2.59 per cent, silicon 5.85, manganese 0.91, sulphur 0.1, phosphorus .05, 
tensile strength 20,000 lbs. per sq. in. After heating to 800 or 900 degrees 
Cent. for eight-hour periods, the material being packed in fine coal, it was 
found after twenty-one heats that the linear expansion was 6.11 per cent 
over the original. The second lot had a total carbon content of 2.41 per 
cent, silicon 5.5, manganese 1.3, sulphur 0.03, and phosphorus 0.37. After 
twenty-eight heats this material had increased 2.75 per cent under the 
same conditions as the first lot. 


What these people actually did was to take the linear expansion of 
heating to 800 to 900 degrees Cent. for eight-hour periods with fine coal, 
so as to get the SO, effect. The growth on the first lot of material, which 
was cupola melted, after twenty-one heatings of this eight-hour period, was 
a linear expansion of 6.11 per cent. The crucible melted material of the 
second lot, after twenty-eight heats only expanded 2.75 per cent, which is 
exceptionally close. I want to bring out particularly that while there is no 
doubt that this material as to its composition may be quite right the 
structure must be such that it produces the desired results. I have ad- 
vanced this thought because some of you who may try this material may 
have it fail because of lack of the proper structure. The material, how- 
ever, can be made to give good service. 


MEMBER: This chromium ferrite, commonly called constituent B, is 
very brittle. Could not that be toughened up by heat treating? Have you 
had any experience along this line? 


J. S. Vanick: I rather object to the designation chromium ferrite to 
begin with. I don’t know how you are going to get those two elements to- 
gether with a lot of carbon available, unless the silicon present is there 
in sufficient quantity to keep them from combining. If you heat treat or 
anneal any high chromium iron composition with carbon available you 
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may actually form and precipitate chromium carbide. There would be a 
tendency for chromium to leave the body or matrix and form a carbide very 
similar to what it does in stainless steels. I hardly expect a chromium 
ferrite to occur with so much carbon there, unless you consider the mass 
of silicon that is in with it. 








Results of Comparative Tests of 


Titanium Treated and Other 
Alloy Cast lrons 


By G. F. Comstocx,* Niagara Fats, N. Y. 


Abstract 

This paper presents test results on the effect of titanium 
in cast iron. Four series of tests were conducted, one of 
cupola-melted iron and three of electric-melted iron. Varying 
percentages of titanium were added to each series, as well as 
chromium, nickel and molybdenum. Check tests were run on 
irons without alloying additions. Physical properties of the 
resulting irons are reported, together with machining test 
results. The results lead to the conclusion that a high-strength 
cast iron may be made with better maciinabiliy and at less 
cost with titanium and chromium than with other alloys. 


1. A new titanium alloy has recently been developed that is 
readily soluble in cast iron, and it is the purpose of this paper 
to show what results have been obtained from its use. The alloy 
has low contents of both carbon and aluminum and contains about 
15 to 20 per cent each of titanium and silicon, the balance being 
iron. It will dissolve in small hand-ladles of cast iron at ordinary 
foundry temperatures, but the recommended method of use for 
the best efficiency is the same as for other alloys, or by dropping 
the alloy gradually in the stream of iron just as it leaves the 
furnace. 

PRELIMINARY TESTS 

2. Preliminary tests at several foundries with alloy addi- 

tions of from 0.5 to 2 per cent showed that the chief effect of 
* Metallurgist, Titanium Alloy Mfg. Co. 

Nore: This paper was presented before one of the sessions on Cast Iron at 

the 1933 Convention of the American Foundrymen’s Association. 


278 

















G. F. Comstock 279 


titanium was to decrease the size of the graphite flakes, and that 
there was also a tendency to decrease the content of combined 
carbon and increase the formation of graphite and ferrite. The 
finer graphite in the titanium-treated iron generally caused an 
inerease in strength as compared with the same iron untreated, 
the improvement in strength being as much as 25 per cent in some 
instances. 

3. That this effegt was due to the titanium content of the 
alloy, and not the silicon content, was shown by testing iron treated 
with corresponding amounts of ferrosilicon, when it was found that 
silicon alone produced coarser graphite and decreased strength. 
When too much of the titanium alloy was added, however, so that 
the graphitizing effect was strong, there was too much ferrite in 
the titanium-treated iron, and the increase in strength expected 
from the refinement of the graphite flakes was lost. 


Use of Hardener 


4. This led to the idea of using a hardener such as chromium 
with the titanium alloy, to prevent ferrite formation, and allow 
the maximum improvement to be obtained from the finer graphite. 
Results in this direction were encouraging and several series of 
tests were made, in each of which the intention was to secure re- 
sults from an iron of a definite constant composition untreated, 
treated with titanium, with chromium, with chromium and titanium, 
with chromium and nickel, and with molybdenum, respectively. 
This was best accomplished with electric-melted iron; in cupola 
practice it seemed to be difficult to get a series of irons with suffi- 
ciently constant silicon and carbon contents to permit accurate 
comparisons of the effects of the various alloys. 


Tests on Cupola and Electric-Furnace Melied Metal 


5. Results from four series of tests are presented in Tables 
1 and 2. These include all the trials in electric-melted iron that 
have been made, and the one trial in cupola iron that showed fair 
constancy of carbon and silicon contents throughout the series 
of tests. 


Methods of Testing. 


6. The transverse test results are averages of from six to 
eight test bars, with not over two rejections on account of surface 
flaws. These values were corrected for size of bar to a standard 
diameter of 1.25 in. The bars were broken at slow speed, on sup- 
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ports 12 in. apart, with the beam automatically balanced; and the 
deflections were read from autographic stress-strain diagrams. 

7. The tensile test results are averages from five tests made 
on the lower (as cast) halves of the broken transverse test speci- 
mens, with no rejections for flaws. These test-bars were machined 
to 0.8 in. diameter, with threaded ends, and pulled slowly with 
spherical-seated grips on the same machine with automatically- 
balanced beam. 

8. The Brinell hardness tests were made on cross-sections filed 
and smoothed with coarse emery, using a 10 mm. ball applied with 
3000 kg.m. for 30 seconds. 

9. The tests for resistance to cutting were made by O. W. 
Boston of the University of Michigan, using the tool dynamometer 
described recently in Metal Progress. The values given are merely 
readings of his instrument and show the comparative resistance 
to cutting of the various samples under identical conditions. Sam- 
ples for which no values are given were not tested. 


Discussion of Test Results 

10. On account of the restricted space alloted to this paper, 
no discussion of the tabulated results is possible. The microstruc- 
tures and fractures of all the samples were studied, but only a 
very few typical illustrations can be given here in Figs. 1 and 2. 

11. The structures showed very consistently finer graphite 
in the titanium-treated samples than in any of the others. In the 
iron treated with chromium alone, the graphite was a little coarser 
than in the titanium-treated iron. In the samples containing nickel 
or molybdenum, the graphite usually was much coarser or about 
the same as in the untreated iron. 

12. The inereased strength in the chromium-bearing irons 
seemed to be due to the absence of any free ferrite and to a finer 
lamellar structure of the pearlite. Chromium also was found to 
be evident in the microstructure because of the presence of a 
hard, white constituent, probably chromium-carbide, associated 
with the spotted steadite (phosphide eutectic) found in all the 
samples. 

13. The molybdenum-treated iron did not show fine graphite, 
or finely lamellar pearlite, or absence of free ferrite even in Series 
B where its strength was high. The structural reason for the 
strength of this molybdenum-treated iron is, therefore, a mystery. 

14. The fractures of these irons, both in the test-bar size and 
in 14-in sections, also were interesting. The titanium-treated irons 
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TYPICAL GRAPHITE PARTICLES ABOUT MIDWAY BETWEEN 
CENTER AND EDGE OF A CROSS-SECTION OF 1.25-INCH DIAMETER BAR FROM 
SERIES C (TABLE 2). X50, UNETCHED. A: PLAIN IRON, UNTREATED. B: 
IRON TREATED WITH 1 PER CENT FERROTITANIUM ONLY. OC: IRON CONTAINING 
0.72 Per CENT CHROMIUM, Not TREATED WITH TITANIUM. D: Iron Con- 
TAINING 0.74 Per CeNT CHROMIUM, AND TREATED WITH 1 PER CENT FERRO- 
TITANIUM. 


EXAMPLES OF 
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could be recognized in every series by their finer grain and darker 
fracture. The samples treated with chromium alone showed the 
most chill in the 14-in sections, and titanium was found to have 
the same effect as nickel in counteracting the extra chill due to 





Fig. 2—EXAMPLES OF TYPICAL MICROSTRUCTURE ABOUT MIDWAY BETWEEN 
CENTER AND EDGE OF A CROSS-SECTION OF 1.25-INCH DIAMETER BAR FROM 
Series D (TaBLeE 2), X100, EtcHep wiTtTH Picric Acip. BLACK SPOTS ARE 
GRAPHITE; GRAY IS PEARLITE OR SORBITE; BRIGHT AREAS ARE STEADITE, 
PROBABLY CONTAINING CHROMIUM CARBIDE. A: Iron Containine 0.43 Per 
CENT CHROMIUM AND NO NICKEL, TREATED WITH 1.5 PER CENT FERROTITAN- 
1uM. B: Iron CONTAINING 0.36 PeR CENT CHROMIUM AND 1.2 PER CENT 
NICKEL, Not TREATED WITH TITANIUM. 
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chromium. The factures of the molybdenum-treated samples were 
about as coarse as those of the untreated. 

15. The most striking effect of titanium in cast iron as 
brought out by these tests was the refinement of the graphite par- 
ticles, or ‘‘closing of the grain.’’ Jn actual practice, the alloy is 
now being used largely for that purpose. 

16. The best results in increasing the strength of cast iron 
were obtained with titanium and chromium, and it is somewhat 
surprising to note that the iron alloyed in that way was no more 
difficult to machine than untreated iron and easier to machine 
than the more commonly used chrome-nickel or molybdenum irons. 
This conclusion was checked in different tests, as indicated in 
Table 1. Furthermore, the iron treated with 1 per cent low-carbon 
ferrotitanium and 0.5 per cent chromium in the form of the high- 
earbon alloy is considerably more economical than chrome-nickel 
or molybdenum-treated iron. 

17. These results, therefore, lead to the conclusion that a 
high-strength cast iron can be made with better machinability and 
at less cost with titanium and chromium than with chromium and 
nickel or molybdenum. 


DISCUSSION 
WRITTEN DISCUSSION 


W. H. RotrHer' ano V. M. Mazurie’: It is our belief that the titanium 
alloy, recently perfected, offers a valuable alloying element to the foundry- 
man for use in cast iron. Due to the graphitizing effect of titanium, the 
graphite plates formed in a treated iron are very small. This results in 
a stronger, more uniform, closer grained iron. 

The results, shown in Table 3, indicate improvements obtained in a 
low and a high silicon cupola iron through the use of titanium, 


1and ? Buffalo Foundry & Machine Co., Buffalo, N. Y. 
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Table 3 
RESULTS OBTAINED FROM TITANIUM ADDITIONS 

Low Silicon High Silicon 

Series A Series B 
a a 

Ferrotitanium added, % None 2.00 None 1.00 
Silicon, % 0.75 1.10 2.05 2.35 
Manganese, 9% 1.13 1.13 0.64 0.69 
Sulphur, % 0.085 0.075 0.145 0.145 
Phosphorus, % 0.175 0.180 0.375 0.365 
Total carbon, % 3.90 3.90 3.70 3.50 
Combined carbon, % 0.68 0.68 0.52 0.48 
Graphitic carbon, % 3.22 3.22 3.18 3.02 
Transverse strength, Ibs. 3250* 4010* 3100 4500 

Increase over untreated iron, 9 Pee 23.4 pererecs 12.9 
Transverse deflection, in. 0.185 0.145 0.180 0.160 
Brinell hardness No. 176** 212** 170 183 


* Transverse tests were made on 1.25 in. A.S.T.M. arbitration bars broken on 
a 12 in. span. 

** Brinell values show the hardness at a point about 1/16 in. below the skin 
of the casting. 

The metal for all the tests shown in Table 3 was melted in a cupola 
during a regular daily run. Additions of titanium were made to a small 
hand ladle with sufficient capacity to pour at least four test bars. For 
adding titanium to small, hand ladles, we have had most satisfactory 
results from the nut size material. For larger ladles, the same size 
works well. 


ORAL DISCUSSION 


H. Bornstern*: Are the results shown in Tables 1 and 2 individual 
test results or do they represent average test results? 

Mr. WeLiINGs*: An average of six test bars were poured from eacb 
mixture. 

MEMBER: In what condition is the titanium in cast iron, nitride, car 
bide or cyanonitride? 

Mr. WELLINGS: It is probably in both forms. 

MEMBER: Have you identified titanium carbide under the microscope? 
How can you tell the nitride from the cyano-nitride? 

Mr. WELLINGS: We usually find some scattered angular crystals of 
the carbide. We believe the nitrogen to be present as the cyanonitride. 

MemMBER: Do you get any segregation of nitride crystals on the 
surface? 

Mr. WeELLINGS: We have found invariably that there will be some 
titanium cyano-nitride in all cast irons but we never have found it segre- 
gated. 

R. S. MacPHERRAN®: In the photomicrographs, there are traces of 


3 Deere & Co., Moline, Ill. 
*Mr. Wellings, Titanium Alloy Mfg. Co., presented paper by request of author. 
5 Allis-Chalmers Mfg. Co., Milwaukee. 
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dendritic structure. Does titanium increase the tendency to form den- 
drites? In some alloy irons there is much dendritic structure. 

Mr. WELLINGS: I cannot answer your question. That phase of the 
investigation has not been followed closely. 

H. Bornstein: In reference to paragraph 2, stating on the bottom 
of page 278 and running to page 279, it says “that the chief effect of 
titanium was to decrease the size of the graphite flakes, and that there 
also was a tendency to decrease the combined carbon content and increase 
the formation of graphite and ferrite.’ I wonder how the author lines up 
that statement with the statement that it forms a carbide. How can it 
both form a carbide and act as a graphitizer? 

Mr. WeELLINGS: The titanium is in the form of carbide, but it actually 
does act as a graphitizer. 

MemBeER: Originally this titanium, under the microscope, is there as 
metallic titanium or titanium nitride, which is more of a base formation 
than is the carbide. If there is any titanium present as a nitride that 
will increase the combined carbon. 

Mr. WeLLINGS: We have not noticed the increase of combined carbon. 

CHAIRMAN J. T. MacKenzie*: Titanium belongs to the group of 
metals, titanium, zirconium and calcium, which have this powerful graphi- 
tizing effect, yet, in the case of calcium, it is left only in spectroscopic 
traces, so there is no indictment of the effect of titanium as to what form 
the little bit of it left may happen to be. 


WRITTEN REPLY BY THE AUTHOR 


G. F. Comstock: In reply to the questions regarding the state of com- 
bination of the residual titanium found in cast iron, I might explain that 
we have formed our conclusion that it is present as carbide or cyanonitride 
from our study of the appearance of these compounds when polished sec- 
tions are examined under the microscope with white light. The various 
compounds have been prepared in a reasonably pure form and studied by 
themselves, as well as mixed intentionally with iron. Pure titanium 
nitride is yellow, and we have not seen it in commercial iron or steel. 
Titanium carbide is violet or pale gray, and the cyanonitride, which is 
merely a carbide containing more or less nitrogen as an impurity, tends 
to be pink or orange. The nitride and carbide probably are mutually 
soluble, and may occur mixed in indefinite proportions. The crystals are 
usually of a very pale color in cast iron, indicating a low content of 
nitrogen. In steel, they are more reddish, indicating higher nitrogen. 

Mr. Bornstein’s question as to how titanium can act as a graphitizer 
and still form a carbide is interesting. The carbide, or cyanonitride as 
we prefer to call it, is formed at a high temperature, and crystallizes out 
before the iron freezes, so that it does not unite with iron or form any 
combination with cementite. The graphitizing effect probably is due to the 
titanium in actual solution in the iron, which acts partly as a deoxidizer 


® American Cast Iron Pipe Co., Birmingham, Ala. 
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as well as an alloying element. It may be the deoxidation that increases 
the formation of graphite. At any rate, the graphitizing influence of 
titanium is an established fact that has been reported by others and has 
shown up in all our work, in malleable and white iron, as well as in 
gray iron. 

In reply to Mr. MacPherran’s question regarding dendritic structures, 
it is true that the titanium-treated iron often showed this structure in 
our tests. It was found similarly in other alloy cast irons, especially with 
chromium. When so much titanium was added as to promote excessive 
ferrite formation the dendritic structure generally was prominent, but it 
could also be noticed in the chrome-titanium irons of high strength as is 
illustrated in Fig. 2. 

















Gray Iron Production in the Direct- 
Arc Acid-Lined Electric Furnace 


By Cuiype L. Frear,* PougHKeepsig, N. Y. 


Abstract 

This paper describes a method of melting gray cast iron 
in the direct-are acid-lined elcctric furnace. It is the intention 
of the writer to describe as fully as possible the different op- 
erations desirable or necessary to produce soft, easily ma- 
chinable but close-grained castings, even using a very large 
amount of steel and cast iron scrap, including chips and bor- 
ings, and a correspondingly small amount of pig iron in the 
charge. 


1. The use of the electric furnace for melting cast iron has 
shown a large increase in the last few years. In a number of 
eases the electric furnace actually is competing with the cupola 
in melting iron for ordinary castings. The electric process usually 
is considered more expensive in melting cost per ton than is the 
cupola process, but for a number of reasons the electrical process 
may prove to be the more economical in over-all cost. 

2. The chief of these economic reasons for preference for 
the electric process lies in the fact that much cheaper grades of 
raw material may be used without detracting from the quality of 
the castings. Many raw materials may be used in the electric 
furnace that it would be impossible to use in the cupola. 

3. A second reason for preference of the electric furnace 
is the flexibility of the process. The bath of molten metal may be 
held as long as desired in the furnace and at the same time may 
be heated to any desired temperature, thus using all the advantages 
which may result from this high temperature refining and its con- 





* Metallurgist, De Laval Separator Co. 
Note: This paper was presented before one of the sessions on Cast Iron at the 
1933 Convention of the American Foundrymen’s Association. 
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trol. In addition, the composition of the bath and the physical 
properties of the resultant castings may be changed as desired 
at any time during the melting or the refining process, so that 
castings of any desired composition or properties may be obtained 
at will during the process. 

4. Furthermore, if a ladle of iron should cool too far, as is 
often the case when pouring a large number of small castings, it is 
not necessary to pig this cool metal. It is only necessary to return 
it to the furnace and reheat it to the desired temperature. 

5. <A third advantage, especially in periods of low production, 
lies in the fact that much smaller heats of metal may be made 
economically in the electric furnace than could be made in the 
cupola. 

6. Another advantage, which is important but which will 
only be mentioned here, is that with the ease of superheating the 
metal and consequent high refining and solution of the graphite, 
ladle additions of alloys should be much more effective than with 
metal that is only partially refined. 





Types oF Direct-Arc ELEctric FURNACES 


7. The direet-are furnace, with which this paper deals, has 
vertical electrodes extending through the roof of the furnace, the 
are playing between each electrode and the bath of metal beneath 
it. In this type of furnace the heat resulting from the electrical] 
energy is concentrated immediately on the surface of the bath, 
there being little heating of the bath by reflection of heat from 
the roof. Every possible precaution is taken, in fact, to prevent 
the escape of heat from the bath. 

8. This type of furnace usually consists of a vertical, cylin- 
drical steel shell with concave bottom. This shell is lined with 
high-refractory material of desired composition and of sufficient 
thickness to prevent the heat within from penetrating so as to 
heat the steel sheel to a temperature high enough to melt or other- 
wise destroy it. The roof is built up from special silica shapes 
with the required openings for the electrodes. The furnace shell 
and top are arranged for water cooling at all openings or in any 
place where overheating is liable to occur. 

9. Most furnaces are of the three-phase type, requiring three 
electrodes, although some smaller furnaces and some of the older 
ones are of single-phase type and have only two electrodes. The 
electrodes are so arranged that the distance of the lower ends 
from the charge is controlled by the current flowing through the 
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cables leading to them, thus allowing an almost constant current 
input at all times. The control board is equipped with an auto- 
matic cut-out to prevent excessive current input, and also with 
regulators to control the input at all times. 

10. In addition, there is an apparatus to control the speed 
of raising and lowering the electrodes as weil as allowing the 
electrodes to be raised or lowered by hand or thrown into auto- 
matic control as desired. A high and low tap on the transformer, 
with a switch on the control board, allows the use of full or low- 
ered voltage as desired during the melting. 

11. The furnace lining itself may be acid, basic, or neutral. 
The acid-lined furnace, which is generally employed in the gray 
cast iron industry, has a bottom built up of rammed siliceous ma- 
terial, usually crushed ganister. The side walls and roof are built 
up with.high-refractory silica shapes. During operation with an 
acid hearth there is always a tendency toward reduction of the 
silica of the hearth by the carbon of the metal, probably according 
to the equation 


SiO, +2 C = Si+2C0 


12. There is always present, therefore, a tendency toward 
an increase in the silicon content of the metal and a corresponding 
decrease in the carbon. However, if the bottom is correctly built, 
solidly rammed, and kept free from holes and loose pieces, this 
action should be very slight. 

13. The basic lining is made by building up the bottom with 
burned magnesia or dolomite. The walls are lined with magnesia 
brick to a point above the metal and for the remaining distance, 
including the roof, with the acid silica brick. A row of chrome 
or other neutral brick must be laid between the acid and the basic 
brick to prevent interaction. In the basic process, unless great 
care is taken to exclude all rusty scrap, and to keep the furnace 
atmosphere reducing at all times, there will be a tendency to reduce 
the silicon and perhaps the carbon. A neutral furnace would be 
lined with chrome or alumina brick to a point above the surface 
of the bath. As far as the author knows, there is no production 
installation using a neutral lining. 

14. It will be the purpose of this paper to cover only the 
melting of unalloyed gray cast iron in the acid-lined direct-are 
furnace, using raw material charges containing as little pig iron 
as possible, and to explain the reason for each step as fully as a 
paper of this length will allow. 
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METALLURGICAL PROBLEMS INVOLVED 

15. When considering the metallurgical problems involved 
in the electric melting of gray cast iron, it must be remembered 
that the properties of the finished casting are almost entirely de- 
pendent upon the amount, distribution, shape and size of the 
graphite particles. In other words, we may have several gray 
east irons of identical chemical composition, even to the content 
of combined carbon and graphite, yet these irons will have differ- 
ent physical properties and machining qualities. The chief items 
of control, therefore, in the production of iron with specified physi- 
cal properties are first, the composition of the bath itself and, sec- 
ond, the control of the graphite precipitation in the casting when 
poured. 

16. The composition of the bath is controlled by the compo- 
sition of the original charge and subsequent sub-charges, and by 
chemical reactions taking place between the bath and the bottom, 
the bath and the slag, and in the bath itself. When steel or low- 
earbon pig iron or scrap is used in the charge, the deficiency in 
carbon must be made up by the use of some material which is high 
in carbon, such as petroleum coke. For rapid solution of this car- 
bon, the coke should be placed as near the bottom of the charge 
as possible, with all the steel above it. When charged in this way, 
all melted metal must flow over the coke, dissolving the maximum 
amount of carbon. 

17. As silicon reduces the solubility of carbon in iron, no 
ferrosilicon should be added with the original charge. When the 
bath is melted, the coke will rise to the surface but carbon absorp- 
tion will continue at a reduced rate. The time required for the 
absorption of the carbon can be determined only by experience, 
but will increase with rise in temperature of the metal. 

18. With higher bath temperatures, however, there will be 
an increased tendency toward reaction of the metal with the acid 
bottom, thus increasing the silicon and tending to reduce the rate 
of carbon solution. It will be evident, then, that the temperature 
of-the bath should be kept as low as possible, but high enough to 
cause the absorption of carbon at the desired rate. 

19. As has been already mentioned, if the bottom is correctly 
built and properly burned-in, this silicon pick-up will be low and 
ean be easily kept under control. In long heats, as in continuous 
melting, there will always be a slight continuous silicon pick-up 
due to interaction with the acid bottom, and this must be counter- 
acted by the addition of steel which, in turn, requires additional 
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coke to hold the desired carbon content. The rate of silica reduc- 
tion and the necessary amount of steel and coke to be added must 
be determined by experience, but when once determined, the com- 
position of the bath can be held constant as long as desired. 


GRAPHITE CONTROL 


20. With few exceptions, it may be considered that the prop- 
erties of gray cast iron depend almost entirely upon the control 
of the graphite. Cast iron may be likened to a medium carbon 
steel containing a very large number of plate-like inclusions, these 
inclusions being made up almost entirely of graphite. The strength 
of the iron will depend to a certain extent upon the various con- 
stituents of the metallic matrix, just as the strength of steel varies 
with the carbon content, the grain size and the form of the various 
constituents. The effect of these latter variables, however, is much 
less than the effect of the size, form and number of the graphite 
inclusions. 

21. These graphite inclusions, because of the absence of any 
strength of their own, weaken the metal due to breaking up of the 
continuity of the metallic matrix, and also weaken it under impact 
loading due to the notch effect at the edge of each graphite flake. 
This same notch effect is the cause of the brittleness or, more cor- 
rectly speaking, the lack of ductility in the metal. If the graphite 
exists only as rounded particles or nodules, the weakening due to 
discontinuities of the metallic matrix and the brittleness due to 
the notch effect will be much less for the same amount of graphite, 
and hence the strength under both static and dynamic loading will 
be much increased. We may have almost any size and shape of 
graphite inclusion, from the very large, overlapping plates present 
in very soft and porous iron to those small nodular particles pres- 
ent in high-grade malleable cast iron. 

22. When a soft pig iron containing very large graphite 
flakes is melted in a hearth-type furnace such as the air furnace, 
the open-hearth furnace or the electric furnace, the graphite im- 
mediately starts to dissolve in the molten iron, the speed of solution 
increasing with the rise in the temperature of the bath. The 
amount of graphite solution also is proportional to the time of 
holding and inversely proportional to the amount of carbon already 
dissolved in the iron. The rate of carbon solution will therefore 
decrease as the amount of dissolved carbon increases unless the 
temperature of the bath is raised or the iron stirred. If sufficient 
time is allowed, however, the graphite will be entirely dissolved, 
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unless, of course, the metal becomes saturated with carbon before 
this solution is complete. 

23. The graphite distribution in the solid iron will depend 
to a large extent on the number and size of the undissolved graphite 
particles in the molten iron before pouring. If the soft pig iron 
mentioned above is simply melted and immediately poured, most 
of the graphite originally present in the pig iron will be present 
in the molten iron. The large flakes originally present will have 
become broken up in the melting process, and as there has been 
little time allowed for the solution of this graphite, the number of 
flakes will have materially increased. Each of these graphite par- 
ticles present in the molten iron will act as a nucleus for the start 
of a new flake which will form in the cooling and solidifying iron. 

24. If this iron cools slowly, as in sand molds and in heavy 
sections, the graphite flakes will be large and overlapping and the 
casting will be very soft and probably porous. If the iron is cooled 
quickly, the graphite flakes necessarily will be much shorter and 
the casting considerably harder and closer grained. 

25. If, however, the melt of the above soft pig iron is held 
for a considerable time at a comparatively high temperature, the 
graphite originally present will be entirely dissolved, and as a 
result, there will be no graphite nucleii in the metal when poured. 
As a certain number of these nucleii are necessary to cause pre- 
cipitation of graphite from liquid metal and probably from metal 
in the pasty state, a metal containing no graphite nucleii probably 
will cool to a temperature considerably below that of solidification 
before any graphite separation occurs. When the temperature 
reaches that of a dull red heat, graphite separation will suddenly 
occur at a very rapid rate and with evolution of considerable heat. 

26. This graphite which separates from solid iron will be in 
the form of very fine short plates or in the form of nodules which 
are really bundles of such fine plates. As these fine plates and 
nodules are much less effective in breaking up the continuity of the 
metallic matrix, such iron will be much stronger and more ductile 
than that melted without refining. Between these two extremes 
we may produce any grade of iron by controlling the temperature 
of the bath and the holding time, thus controlling the graphite 
distribution in the molten iron. 

27. When steel is used in the charge, this will, of course, add 
no graphite to the melt. Necessary additions of carbon are made 
by the addition and solution of petroleum coke. This, having no 
erystal form of its own, will not form nucleii to aid in the graphite 
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separation. The purpose of the coke is only to make up the re- 
quired total carbon content in the bath. As a result, the addition 
of steel to the bath, even when the carbon content is increased by 
the use of coke, will serve only as an additional refining and the 
result will be to produce an iron of higher strength. Such addi- 
tion of steel, with the addition of the necessary coke and ferro- 
alloys, serves as a convenient way of quickly refining the metal 
in the bath and is, in fact, often used where it is necessary to 
reduce quickly the number of graphite nucleii in the molten iron. 

28. Long holding, especially at higher temperatures, often 
will cause excessive refining of the iron. While this is desirable, 
or perhaps necessary when making high-strength castings, or with 
heavy castings, it is not desirable where high strength is not a 
necessary consideration or where the castings must be thin but 
easily machinable. A further result of such refining is that it may 
cause excessive shrinkage in castings where allowance for such 
shrinkage has not been made in molding. 

29. To correct such over-refining, it is necessary to increase 
the concentration of graphite nucleii in the molten metal, without, 
however, changing the composition of the bath. This is most ef- 
fectively accomplished by the addition of soft pig iron or soft cast 
iron scrap the composition of which is the same as that of the 
bath, in sufficient quantity to correct the shrinkage or to effect 
the necessary softening. After such addition the heating should 
be only sufficient to bring the temperature of the iron to that 
required for pouring. Such heating should be done under low 
power to avoid undue refinement immediately under the electrodes. 

30. At this point it would be well to mention the fact that 
thorough mixing of the molten charge is effected in this type of 
furnace without rocking or rotating the furnace itself. As has 
already been mentioned, the heat is applied immediately on the 
surface of the metal under the lower end of the electrodes by the 
are playing between the electrodes and the bath. The electric 
current, therefore, must flow through the metal and induce mag- 
netic forces therein. These magnetic forces set up convection cur- 
rents in the metal bath, causing thorough mixing without con- 
tamination by slag or by material from the walls. Because of this 
heating immediately under the electrodes and the exchange of this 
metal for cooler metal, refining of the whole bath is accomplished 
at a low temperature, which would take a much longer period or a 
much higher temperature with any other method of applying 
the heat. 
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Raw MATERIALS 


31. The raw materials usually available and which may be 
used in the direct-are furnace may be tabulated as follows: 
(A) Pig Iron. 

(B) Cast Iron Serap. 
(1) Returns— 
(a) Heavy pouring gates, heavy castings, pigged 
metal. 
(b) Light. 
(2) Automotive Serap. 
(3) Machinery Secrap— 
(a) Heavy. 
(b) Light. 
Miscellaneous. 
(5) Borings. 
(C) Steel Serap. 
(1) Bar Stock. 
(2) Sheet Cuttings. 
(3) Miseellaneous. 
(4) Turnings. 
(D) Alloys. 
(1) Ferrosilicon. 
(2) Ferromanganese. 
(3) Ferrophosphorus. 
(4) Ferrochrome. 
(5) Nickel. 
(E) Coke. 
(F) Fluxing Materials. 
(1) Lime. 
(2) Fluorspar. 


Pig Iron. 

32. In making up a furnace charge, regardless of the type 
of melting equipment used, it is desirable to use as little pig iron 
as possible and still obtain the desired properties in the castings. 
Due to its lower cost, it is desirable to use as much scrap as pos- 
sible in the charge. As it is possible to make excellent cast iron 
without using any pig in the electric furnace charge, it is not 
necessary to stock a large variety of pig irons. The chief use of 
pig iron is to add graphite nucleii. It should not be necessary, 
therefore, to stock more than two grades of pig iron, both of 
them soft, having the approximate composition of the iron which 
is to be produced. Where possible, it is best to have the silicon 
contents of these irons as low as possible consistent with high 


graphite content. 
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Cast Iron Scrap. 

33. The foundry returns should be segregated so as to keep 
heavy material separate from the light pieces. Heavy returns, 
such as heavy pouring gates, heavy castings and any metal which 
has been previously pigged (especially if made from iron melted 
for light work), should be soft and contain a large percentage of 
graphite. For this reason, and because it is of the same compo- 
sition as that usually melted in the furnace, it will serve admirably 
for softening the charge. Light returns, preferably, should be 
used in the original charge or in early subcharges. 

34. All returns, including gates, risers and pigs should be 
tumbled to remove the adhering sand. Any sand adhering to the 
metal will rise to the surface of the bath when the metal is melted, 
and in this position will not only be subjected to the intense heat 
of the are but will be in contact with the coke floating on the bath. 
Conditions will be perfect, therefore, for the reduction of this 
silica to silicon, which will immediately dissolve in the molten 
metal. While this probably would not be so harmful in the orig- 
inal charge, provided all sand or silicates were raked from the sur- 
face of the metal as soon as it was melted, it would make control 
of the silicon very difficult, if not impossible, if added with sub- 


sequent subcharges. 


35. Nothing need be said about automobile scrap except that 
it is usually of excellent grade and of fairly constant composition, 
and makes a good material to replace pig iron. 

36. Machinery scrap makes an excellent raw material for 
electric melting, provided the phosphorus and the sulphur are 
within the allowable limits. A large proportion of the machinery 
serap is of large cross-section and contains a large percentage of 
graphite, and will serve as an excellent graphitizer and shrinkage 
preventor if its composition is approximately the same as that of 
the bath. 

37. Many papers have been written on methods of using 
cast-iron borings. No difficulty has been encountered by the writer 
in using this material in the electric furnace. At our plant the 
foundry is remelting all cast-iron borings resulting from the manu- 
facturing operations on the total output of the foundry. No exact 
data have been obtained on the melting loss when borings are 
used, but this loss does not exceed ten per cent. The borings are 
not subjected to any treatment before melting but are used just 
as they come from the shop. 
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Steel Scrap. 

38. It is obvious that the sulphur content of this class of 
material should not be too high. Bessemer serew stock and free- 
cutting steels have a sulphur content considerably higher than that 
desired in cast iron, and when these are used care must be taken 
not to add them in sufficient quantity to increase this element to 
a point above the allowable maximum. Of course, all alloy steel 
serap should be segregated for use in making alloyed cast iron. 

39. Steel chips, as they come from manufacturing operations, 
usually are bulky and covered with cutting lubricant. Their bulki- 
ness will make them very inconvenient when charging, and the oil 
will cause an excessive amount of smoke. The company with 
which the writer is connected treats the chips as soon as they 
come from the machine shop by first crushing them and then re- 
moving the oil by centrifuging. It might be added that this method 
was used long before the foundry was built, as the oil which was 
reclaimed and the saving in shipping costs of the crushed chips 
more than repaid the cost of the reclaiming and crushing operations. 


Alloys. 

40. Ferrosilicon, ferromanganese and ferrophosphorus usually 
are added in the furnace and should be crushed to about the size 
of walnuts or slightly finer. Ferrochrome and nickel, which are 
usually added in the ladle, should be crushed to 10-mesh or finer. 
While the latter two alloys are considered as alloying elements, 
they are often useful when making straight carbon castings where 
it is desired to pour a small number of castings with heavy sec- 
tions without having to resort to a drastic lowering of the silicon 
content of the entire charge in the furnace. 


Coke. 

41. Petroleum coke is used in electric melting almost exclu- 
sively as a carburizer. This coke is formed during the process of 
cracking petroleum, and since it is produced from gaseous mate- 
rial it might be considered to be almost colloidal as compared to 
ordinary coke, which retains to a certain degree the crystal form 
of the coal from which it was formed. In addition to its high 
solubility in the molten iron, its sulphur content is very low. This 
material should be crushed to about walnut size. 


Fluzing Materials. 
42. For fiuxing and building a slag on the bath, powdered 
quicklime and crushed fluorspar should be used.~ Sand, al- 
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though very efficient in imparting fluidity to the lime slag, should 
never be used for this purpose due to the difficulty of controlling 
the silicon content in the metal when this material is used. This 
is explained above under the use of foundry returns. 


PREPARATION OF THE AciIp-LINED FURNACE 


43. The direct-are furnace is so built that the electrodes can 
be removed and the top lifted off. In building the new lining or 
when relining the furnace, crushed ganister or other suitable 
siliceous material is moistened with an organic binder such as 
molasses, and this material is shoveled onto the bottom. It is then 
solidly rammed in place, preferably with an air rammer having a 
head similar to a sand rammer. When an air rammer is not 
available a hand rammer may be used, but the operation will take 
longer and it will be more difficult to exert the required pressure. 

44. A small amount of material should be added at a time 
and each addition rammed as solidly as possible. This addition 
and ramming is continued until the thickness of the bottom is about 
eighteen inches, and when the edges are leveled off these edges 
should be almost even with the bottom of the pouring spout and 
the bottom of the charging door. 

45. ‘When the bottom is completed the side-walls are built up 
of silica brick so tapered that, when placed closely together, they 
will form a circle the outside diameter of which is about two inches 
less than the diameter of the furnace shell. No mortar is used 
between the bricks, which are laid in close contact with each other. 
When a course is laid, fine silica sand is brushed over the tops of 
the brick in such a manner as to fill all spaces between them. The 
space between the bricks and the furnace shell is filled with sand 
or loosely rammed ganister. The furnace wall is completed in 
this manner, using special shapes for pouring spout and door 
arch. The roof then is set in place and electrodes connected. 

46. When the furnace is completed it is necessary to burn in 
the bottom. To do this a layer of coke is placed on the bottom, or 
two pieces of broken electrodes are so placed in the form of a cross 
on the bottom that the three electrodes will touch them, thus mak- 
ing electrical contact with each other. The current is then turned 
on and the electrodes lowered until an are is struck between them 
and the electrodes or coke on the bottom. Automatic electrode 
control is used and the current input kept as low as possible antil 
the bottom is thoroughly dried. 

47. The current is then increased sufficiently to cause the 
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bottom to sinter into a solid mass to a depth of two to three inches 
without causing excessive melting of the brick walls and roof. 
There will be a slight softening of the walls and roof so that 
finally there will form a number of small stalactites, especially just 
over the charging door. The formation of these stalactites is an 
indication that the burning operation has been completed, pro- 
vided the current input has been kept as low as possible during the 
operation. 

48. When the bottom has been built in this way there should 
be. no trouble due to pieces breaking off and rising to the surface 
of the molten metal, or due to excessive reaction between the bot- 
tom and the bath. In fact, the bottom should last for a large 
number of heats before patching is required. 

49. When a large number of heats have been melted it may 
be noted that holes are being formed in the bottom or that small 
pieces loosen and rise to the surface of the metal. When this 
occurs, it is necessary to resort to patching, which is done by 
adding more bottom material and burning it into place. When 
the furnace is emptied and still hot, crushed ganister (which may 
be mixed with a small amount of fireclay) is thrown in with as 


much foree as possible, filling all holes and producing a perfectly 
smooth saucer-shaped hearth. After the addition of the patching 
material the bottom is again burned in as described in paragraph 
46, until all new material is solidly sintered into place and any 
cracks are sintered together. 

MELTING 


50. The following description of the melting process will be 
based on the assumption that little or no pig iron is to be used 
except for softening or preventing shrinkage. The original charge 
will be composed, therefore, of returns, cast iron scrap, steel scrap 
ineluding chips, and east-iron borings. 


Charging. 

51. When the furnace is cold the coke should be charged di- 
rectly on the bottom. The amount of coke required for chemical 
combination in the iron should be calculated and at least 25 per 
cent more than this amount added. The east iron serap, including 
the returns, should then be added, and on top of this the steel. 
The steel chips should then be shoveled in, spreading them as much 
as possible over the previously charged metal. The cast-iron bor- 
ings should be added last, as these will serve to make a better 
electrical contact with the electrodes. 
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52. The purpose of this method of charging is to place the 
carbon at as low a point as possible in the charge so that the 
molten iron, as it trickles to the bottem, will have a chance to 
absorb the maximum amount of carbon. For this same reason no 
silicon should be added at this time. When charging a hot furnace 
it will be impossible to add the coke first. The order of charging 
in this case would be: cast iron scrap and returns, coke, steel 
scrap, steel chips, and cast-iron borings. 


Melting Down the Charge. 

53. After charging is completed the current may be turned 
on with a low tap and the input cut to as low a point as possible 
and still produce a nearly constant are with as little surging as 
possible. At first it may be necessary to poke the charge with a 
slice bar to hold the are. If the current input is too high at first, 
the electrodes will bore their way through the charge and may 
sinter it together sufficiently to almost prevent readjustment of 
the material in the furnace to correct this condition. If the elec- 
trodes persist in boring into the charge, this may be prevented by 
placing some heavy steel scrap across the top of the charge to 
form a conductor until the top of the charge melts sufficiently to 


form its own conductor and to prevent boring and surging. 


Control of Slag. 


54. The heating should be continued with low current input 
until the whole charge is melted. It may be necessary during the 
melt-down to push unmelted pieces of metal from the edges to the 
center of the bath. After melting is completed the electric cur- 
rent input should be increased and the temperature of the bath 
brought to about 2600 degs. Fahr. At this point all excess coke 
and slag which has formed on top of the bath should be raked off 
and sufficient lime added to make a very thin slag blanket. 

55. A small amount of fine petroleum coke also should be 
added, which will unite slowly with the lime to form a slightly 
carburizing slag. The purpose of this slag is, of course, to aid in 
purifying the metal, to effect slight carburization and to prevent 
oxidation, but it also prevents excessive reflection of heat from the 
surface of the metal. Such reflection not only would cause exces- 
sive softening of the roof but would prevent rapid heating of the 
metal. 

56. The slag blanket, therefore, should cover the entire bath. 
If it is allowed to become gummy it will be carried to the edge of 
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the bath, leaving the metal in the center exposed. To prevent 
this, sufficient fluorspar should be added to impart the necessary 
fluidity. As has already been mentioned, sand should never be 
used for this purpose. 


Finish Melting. 

57. As soon as the slag has been formed and before the tem- 
perature of the bath has been allowed to increase, a sample bar 
should be poured for analysis. A convenient bar measures 
1 X 1 X 5 inches and is poured vertically in an open sand mold. 
This bar is allowed to solidify in the sand and is then removed and 
allowed to cool in air until the color is a dull red or until its tem- 
perature has reached a point below the hardening range. It is 
then quenched in water, drillings taken, and these analyzed for 
total carbon and silicon and, if necessary, for manganese and 
phosphorus. 

58. The carbon and silicon determinations can be made by 
one man within forty minutes from the time the test bar is first 
poured. With a well-made bottom and with no silica in the slag, 
there should be no change in the chemical composition of the bath 
if it is held at a low temperature during this period (see Table 5). 


There will be, of course, a certain amount of graphite refinement, 
but if the temperature is kept low with only sufficient power input 
to hold this low temperature, the graphite refinement will produce 
but slight change in the properties of the iron when east. 


Adjusting the Composition. 


59. With a small amount of experience it should be possible 
for the melter to obtain almost exactly the composition desired in 
the first melt-down, regardless of the composition of the original 
charge. In other words, it should be possible to use almost any 
reasonable combination of raw materials and, by proper manipu- 
lation during melting, produce the desired composition in the bath 
when melted. It may be necessary to add ferrosilicon and ferro- 
manganese, but it should not be necessary to adjust the carbon to 
any great extent. 

60. Any considerable adjustment of the carbon is undesir- 
able, especially when making soft castings. If the carbon content 
is high it must be reduced by adding steel to the bath, thus reduc- 
ing the graphite concentration by dilution. If, on the other hand, 
the carbon content is low, more coke must be added and the heat 
increased to effect the necessary solution of carbon. This high 














CLYDE L, FREAR 303 





heat causes further refinement by solution of the graphite nucleii. 
It is desirable, therefore, to manipulate the melting so that the 
carbon content will be that desired in the molten bath, and adjust 
the content of the other elements. 

61. If it has been necessary, while correcting the composition, 
to refine the iron more than is desired, this excess refinement may 
be corrected by the addition of pig iron, heavy returns or heavy 
scrap, the composition of which is approximately the same as that 
of the bath. This addition of soft iron will supply the graphite 
nucleii which have been removed by refining. 


Raising to Finish Temperature. 

62. When the bath has been corrected to the desired com- 
position it is heated as rapidly as possible to the pouring tempera- 
ture, without, however, using too high a current input. When the 
current input is too high the metal immediately under the elec- 
trodes will be over-refined. As soon as the bath reaches the correct 
temperature for pouring, it is well to cast a wedge-shaped speci- 
men or stepped casting. This, when broken at the desired cross- 
section, will indicate the amount of refining that the bath has 
undergone. 

63. Judging from the preliminary analysis and the fracture, 
the necessary amount of conditioning can be rather accurately esti- 
mated. If it is desired to make high-strength castings and the test 
bar shows a grayish-black fracture at the desired cross-section, it 
will be necessary to further refine the bath to effect further solu- 
tion of the graphite. This may be accomplished by holding the 
metal in the furnace at approximately 2700 degs. Fahr. until the 
test bar shows the required fine-grained silvery fracture. 

64. If, on the other hand, it is desired to obtain soft, easily 
machined castings, and the test bar shows a very fine-grained 
silvery fracture, indicating excessive refinement, it will be neces- 
sary to increase the graphite concentration as described above, by 
the addition of soft pig or scrap. It is evident that if the iron 
used has the same composition as the bath no change will be made 
except the required increase in the concentration of graphite 
nucleii. 


Continuous Melting. 


65. When making continuous melts in the electric furnace, 
the bath is first built up to the desired amount as described above; 
then, when a ladle of metal is removed from the furnace, a cor- 
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responding amount of cold material is added to the bath. In mak- 
ing these subcharges, care must be exercised to so proportion the 
raw materials as not to upset the balance of carbon, silicon, graph- 
ite nucleii and other alloying elements. 

66. There naturally will be a tendency to an increase in the 
silicon content of the bath, and this must be corrected by the 
necessary addition of steel. This steel, in turn, will require a 
higher carburizing action, which can be obtained only by increas- 
ing the amount of coke in the slag and increasing the temperature, 
especially under the electrodes. This increase in temperature will 
necessarily cause excessive refinement of the graphite in the bath, 
and it will be necessary to correct this by the addition of pig iron 
or heavy scrap. It might be stated that the greatest difficulty in 
continuous melting results not from a change in the composition of 
the bath but from failure to keep a sufficient concentration of 
graphite nucleii in the bath. 


Typical Melts. 

67. Tables 1 and 2 are made from actual melting charts for 
two days, a slightly different melting process being carried out 
each day. 

68. Table 1 represents a heat of much shorter duration than 
that represented by Table 2. It will be noted that no pig iron was 
used in the original charge and that no silicon was added until the 
original charge was melted and the desired amount of carbon dis- 
solved. At 2:40 P. M. a small amount of steel scrap was added, 
along with the returns to reduce the silicon content, and some pig 
iron to counteract the refining due to holding two hours and to the 
addition of the steel. It will be noted that the total carbon and 
the silicon was held within very close limits during the entire heat, 
and that the combined carbon is normal for a high grade, soft but 
close-grained iron. This iron was melted for castings which must 
withstand considerable hydraulic pressure and yet must be easily 
machined. 

69. In the heat represented by Table 2 a smaller total amount 
of iron was charged but the melting period extended over a much 
greater length of time. After a heat was poured off at 11:00 A. M.., 
the metal remaining in the furnace was carried until 4:00 P. M. 
before pouring. During this period steel was added to reduce any 
silicon, and two charges of coke were thrown in and the heat in- 
creased so that there was an increase of 18 points in the total 
carbon. This was reduced with steel and the silicon increased to 
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Table 3 
Data ON HEAT MADE IN 14%4-Ton PER Hour FURNACE 
Per Cent 
of Metallic 
Original Charge. Lbs. Charge 
ED THCOENG, oi's50:0 china cs cenh eat 704 17.2 
ee IT ee Pe ere cere 816 20.0 
No. 1 Machinery Scrap.............. 1320 32.3 
pS | rn re 1243 30.5 
POCrGIRGI “COMG. .ocsccictvcistcdecsess 77 pm 
Table 4 


Appit1ions Mabe To Batu To CoNDITION FOR FLOOR PoURING 


c———— Time Made 


Additions. 3:20 P. M. 3:45 P. M. 
Woumtey Tethre. 2.000500 cccceses 264 = ibs. 264 = Ibs. 
ID oil davickce 45.5.0 sete ne pee ee tics 
Gast Teen Terings. ..:...cccecsces — * “-* 
ES pire ea inianip-ne sin wher abaoae es Mees 
BPerrositicon (G09) .nccceccesccce a" 15.4 “ 
Ferromanganese (80%).........+- a 4.0 “ 
Ferrophosphorus (23%)........+.. 18.5 “ 185. “ 


the desired point with ferrosilicon. Considerable pig iron was 
added to counteract the long refining. The composition of the pig 
iron used was as follows: 


Total Carbon 3.75% 
Silicon 2.42% 
Manganese 1.01% 
Phosphorus 0.64% 
Sulphur 0.044% 


Effect of Holding at Low Temperature. 

70. To show the effect of holding at low temperature in the 
furnace, a complete description of one heat made in a 114-ton per 
hour furnace is given in Tables 3, 4 and 5. The current was turned 
on using the low tap at 11:00 A. M. and continued with low tap 
until 1:00 P. M., when the bath was completely melted. At this time 
all slag was raked from the surface and a thin lime slag added. 
The power was kept on low tap and the current input cut to the 
minimum necessary to hold the are. Standard A.S.T.M. 1.20 
21 inch test bars were poured at 1:30 P. M. These bars were cast 
in green-sand molds placed with the riser end about two inches 
above the pouring end. 

71. Further test bars were poured after the bath had been 
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Fic. 1—ErFrect oF LOW-TEMPERATURE REFINING ON THE PHYSICAL PROPERTIES 
OF ELECTRIC-FURNACE CasT IRON. 


held at low temperature for 4% hour, 1 hour, and 134 hours. A 
fifth set of test bars was cast at 3:40 P. M. after the bath had been 
conditioned for floor pouring by the first of the additions shown in 
Table 4. A one-inch square test bar was cast fifteen minutes after 
the last addition for analysis only. 

72. From Table 5 it will be seen that almost no change took 
place in the composition of the bath during the 134-hour holding. 
Even the combined carbon content can be considered very nearly 
constant within the allowable limits of chemical analysis (speci- 
mens A to D, inclusive). 

73. There will be noted a distinct increase in the tensile 
strength and the Brinell hardness. This increase in tensile strength 
and hardness does not coincide, however, with the change in ma- 
chinability’ as determined by the drill test. It is usually consid- 
ered that an increase in the tensile strength and hardness causes a 
decrease in the machinability, but as shown in Table 5 and the 





1In Table 5 are given two machinability readings. The drill-test figures are ob- 
tained with the regulation Keep hardness tester using a 3/8-inch straight fluted 
drill under a load of 150 lbs. The number given represents the revolutions per 
inch penetration of the drill. The same drill was used without resharpening be- 
tween tests. A new drill was first used under test conditions on a piece of soft cast 
iron, then two drill tests made on each test piece. If the two curves obtained 
were not parallel in all tests, a new drill was obtained and the whole series of 
tests repeated. 

The machinability value was obtained by dividing 100,000 by the drill machin- 
ability (revolutions per inch Se. The advantage of this value lies in the 
fact that improved machinability is expressed by a higher instead of a lower 


number. 
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eurves in Fig. 1, the machinability decreased slightly during the 
first half hour of refining and then increased steadily during the 
remainder of the refining period. 

74. <A study of the microstructure (Figs. 2 and 4) will show 
one reason for the increase in strength. A comparison of the 
graphite in the iron when first melted with that after refining for 
1% hours shows a large reduction in size of primary graphite 
flakes due to refining. Either there were fewer graphite flakes 





Fig. 2 (L&EFT)—MICROSTRUCTURE OF ELECTRIC-FURNACE GRAY Cast IRON. 

SAMPLE TAKEN PREVIOUS TO REFINING. X100, UNETCHED, SHOWING PRIMARY 
GRAPHITE. 

SAME SAMPLE AS Fic. 2. X1000, ErcHED IN 2% HNOs, 

SHOWING PEARLITE AND PRIMARY GRAPHITE. 


Fie. 3 (RIGHT) 





ry ¢ 





Fig. 4 (Lerrt)—SaAMPLe oF ELectric-FurRNACE Cast IRON, TAKEN AFTER 1% 
Hours REFINING. X100, UNETCHED, SHOWING PRIMARY AND SECONDARY 
GRAPHITE. 

Fic. 5 (RigHT)—SAMPLE OF ELECTRIC-FURNACE IRON, AFTER REFINING 1% 
Hours. X1000, ErcHep In 2% HNO,, SHOWING PEARLITE, PHOSPHIDE AND 
PRIMARY GRAPHITE. 
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Fic. 6—SAMPLE OF ELECTRIC-FURNACE IRON TAKEN AFTER 1% Hours ReFIn- 
ING. X1000, ErcHED In 2% HNO,, SHOWING PEARLITE, FERRITE, DECOMPOS- 
ING PEARLITE GRAINS, AND BOTH PRIMARY AND SECONDARY GRAPHITE. 


formed in the molten and pasty iron or there was less chance for 
growth of these flakes before the iron solidified. It probably is 
safe to assume that both conditions occurred as a result of the 
solution of a large proportion of the graphite nucleii present in the 
iron when first melted. 

75. In the refined iron, however, there are numerous second- 
ary graphite particles, as shown by the small rounded black areas 
in Fig. 4, and which appear as comparatively thick angular par- 
ticles under higher magnification (Fig. 6). Further proof of this 
secondary separation of graphite particles lies in the fact that each 
of these secondary graphite particles is in immediate contact with 
ferrite, or grains of pearlite which have been almost completely 
decomposed. 


SUMMARY 


76. When all operations are conducted correctly, a soft, 
easily machinable but close-grained iron may be economically 
melted in the acid-lined direct-are electric furnace. The main 
points to be stressed are as follows: 

(A) Correct building up and ramming of the 
hearth, and the repairing of the same. 

(B) Elimination of silica from the slag on the 
surface of the bath. 

(C) Melting in such a manner as to have the 
carbon content of the molten bath very close to the de- 
sired value, therefore requiring very little recondition- 
ing of this constituent. 
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(D) Control of the graphite nucleii in the molten 
bath, to produce the strength, machinability and other 
properties desired. 

77. The number and size of the graphite nucleii are depend- 
ent upon the graphite concentration of original charge and upon 
the temperature of the bath and the time of holding in the molten 
condition. It is by control of these variables that the final prop- 
erties of the castings may be predetermined. 


ORAL DISCUSSION 


H. S. Austin’ We are using electric furnaces and are having very 
good results, especially on our centrifugal brake drums, where we are 
using the duplexing process to get a uniform chill. We take a chemical 
analysis and make chill tests every few minutes, holding the results 
practically uniform throughout the heat. The furnace operates an aver- 
age of about 18 hours per day. On Fridays and Saturdays, it sometimes 
is operated as high as 31 continuous hours. The furnace is kept filled 
to full depth all the time and we do not have any time for repairs during 
arun. Repairs are made during the week ends. 

MEMBER: We have a small 100-kilowatt, electric furnace and operate 
it 24 hours a day, every day. The molders work right along with the 
furnace. We operate three crews, 8 hours a day. The melting cost on 
this furnace has been reduced to about $7.00 per ton. We have found 
this electric furnace to be about as cheap as the cupola. This is in the 
West where the price of coke is higher than in the East. Iron costs 
are about the same as in the Hast. Scrap costs us approximately $5.00 
per net ton. We have a power charge on the 100-kilowatt furnace of 
$112 per month regardless of the amount of power we use. 

J. T. MacKenzie:? I have not had much experience with electric 
furnaces lately. Our principal trouble in running special alloys in the 
furnace, is hitting the carbon and silicon contents. Speaking of the 
direct-arc furnace, we find that with the graphite electrode we must 
have one time schedule and with the carbon electrode another. If the 
mixture is set to produce 2.80 per cent carbon and 2.50 per cent silicon, 
and there is some hold-up which requires that the current be kept on 
for another 20 minutes, it is necessary to raise the carbon and lower 
the silicon by a low silicon pig iron addition. 

We have had to set up a rather elaborate schedule for the different 
alloys to be able to secure the analysis we desire at a certain temperature. 


1Campbell, Wyant & Cannon Co., Muskegon, Mich. 
2 American Cast Iron Pipe Co., Birmingham, Ala. 
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Discussion 


If we want to tap at 3000 degrees Fahr., we know that we must keep 
the current on a certain number of minutes after the smoke changes 
from brown to white. Our initial carbon and silicon must depend on 
how long we are going to heat the iron after that point. 


WRITTEN REPLY BY THE AUTHOR 


Criype L. Frear: The author wishes to point out once more that 
this paper was written to describe the method of producing so-called 
soft iron in the electric furnace. Some of the procedure is described as 
a method of preventing difficulties which may occur at infrequent in- 
tervals due to some unconsidered variable entering into the melting 
operation. It must be considered that these difficulties are not common, but 
they must be kept in mind as it is much easier to prevent than to cure 
them after they have occurred. 

The discussion by Mr. Austin and Mr. MacKenzie both bear out 
the author’s statement that a well built bottom is necessary for close 
control of the carbon and silicon. As stated in the paper, there is always 
a tendency, with an acid lining, for the silicon to increase and the 
carbon to decrease, which tendency is increased by an increase in the 
temperature of the bath. It is the author’s experience that the tempera- 
ture of the bath should always be kept as low as possible, consistent 
with the properties required in the finished castings. The addition of 
stable carbide forming elements such as chromium will prevent to some 
extent this tendency to silica reduction as there will be less carbon 
available to cause this reduction. 

















A Study Of Six Bearing Bronzes 


By Oscar E. Harper,* CoLtumBus, OHIO, AND 
CarTER S. Coue,** New York. 


Abstract 

Six bearing bronzes of the compositions 80-10-10-0, 
88-10-0-2, 83-7-7-3, 85-5-9-1, 70-10-20-0 and 70-5-25-0 per cent 
copper, tin, lead, and zinc, respectively, have been studied. The 
specimens were prepared according to current practices in the 
foundries of the four codperating companies. Foundry prac- 
tices are given. The data include tensile and yield strengths, 
elongation, reduction of area, modulus of elasticity, hard- 
ness at temperatures up to 450 degs Fahr. (282 degs. Cent.), 
resistance to compression, density as cast and after com- 
pressing at 100,000 lbs. per sq. in., and deformation by re- 
peated pounding at room temperature and at 350 degs. Fahr. 
(177 degs. Cent.) 


INTRODUCTION 


1. To obtain the best possible bearing for a given use, one 
must fit to the particular service in hand the metallurgical prop- 
erties of the shaft and bearing, the properties of the lubricant 
and the mechanical design and workmanship of the bearing and 
lubricating system. Mechanical design without doubt is the most 
important and the one on which least effort apparently is being 
put. Nevertheless, the properties of the bearing metals, as dis- 
tinct from those of bearings, need to be thoroughly known in any 
comprehensive program looking toward improvement. 

2. The information called for by specification and commonly 
determined by metallurgists on these properties of even ordinary 
bronze bearing alloys, has been incomplete and discordant in spite 
of many years of use. The engineer seeking information finds 
~ * Asst. Director, Battelle Memorial Institute. 

** Copper and Brass Research Association. 


NoTE: This paper was presented before the Nonferrous Division session of the 
1933 Convention of the American Foundrymen’s Association. 
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Table 1 
ALLOYs STUDIED AND MANUFACTURERS 


Allo Nominal Gangeniees 
No. Sn b 


Furnished by Foundry 
A B Cc D 


u Zn 

80 10 10 ie x x x 
88 10 Be 2 x 

83 7 3 x 

85 5 1 

70 10 

70 5 


Table 2 
CHEMICAL COMPOSITION AND PoURING TEMPERATURE 
(MANUFACTURERS’ DATA) 
Average Chemical Composition-———————— Casting Temperature 
Degrees Fahr. 

Cu Sn Pb Zn Fe Ni Sb Max. Min. Av. 
79.60 9.91 9.81 0.05 0.18 0.28 . 2175 «=1920 |» 2020 
88.00 9.91 0.25 Ee a Secs ake inte Oe 
82.48 6.94 7.14 se ee . 2160 1950 2080 
84.60 5.36 8.61 0.04 0.14 0.34 7 2130 1890 
me 16 6M =... 22: Te om . 2090 1970 2020 
70.67 4.78 24.37 enti Tr ree 0.07 — 2040 1860 1950 


difficulty in getting reliable data on the alloys made by modern 
foundry practice. 

3. In order to give him something more reliable, the Copper 
& Brass Research Association, with the cooperation of the Non- 
ferrous Bearing Metal Research Group,’ has carried out at the 
Battelle Memorial Institute the work reported herein. We realize 
that these data constitute but one small step toward the develop- 
ment of improved bearings and believe that makers and users of 
bearings should jointly study the problems of engineering de- 
sign, and of choice of materials plus design, in a more thorough 
fashion than has yet been done. 


ALLOYS SELECTED 


4. The alloys chosen for test were selected with two thoughts 
in mind, the importance of the alloy, and the need for the data. 
The tests made included tensile strength, compression, density, 


1Previous to the study at Battelle Memorial Institute, BE. M. Staples had 
prepared two reports for the Nonferrous Bearing Research Group, in which he 
summarized the data available for various bearing bronzes and the specifications 
for such materials. These reports brought out the inconsistencies in the proper- 
ties being reported and the lack of sufficient data on certain types of bearing 
bronzes. The Nonferrous Bearing Research Group consisted of the following 
members: Detroit Aluminum & Brass Corp., Bohn Aluminum & Brass Corp., 
Johnson Bronze Co., Bunting Brass & Bronze Co., G. H. Clamer, Fredericksen Co., 
Federal-Mogul Corp., and Lumen Bearing Co. 





A Stupy or BEARING BronzEs 
Table 3 
FouNDRY PRACTICE FROM MANUFACTURERS’ DATA 


METAL CHARGE ; FLUX OR 
(percent) MOLD DATA COVERING 


A.F.A. Bond, %. 


Back Stock. 
Permeability. 
Moisture, %. 
Green Shear, 
(Ibs. per sq. in.) 


Baled Scrap. 
Furnace, 
Melting. 


Secondary Metal. 
Borings. 


Virgin Metal. 


Comp. Ingot. 
&& Shakeout Time, hrs. 
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Nore: All except Foundry B deoxidized melts with phosphor-copper. 

*In lot 4 D the Back Stock included over 20 per cent of bearing shells, from 
which the babbitt had been removed by “sweating out.” The resulting antimony 
content was 0.45 per cent. 


hardness and pounding. Test bars were furnished by four dif- 
ferent foundries, each making up test specimens of three alloys.’ 
Table 1 shows the nominal composition of the six alloys and the 
foundries furnishing each. 
Chemical Composition 
5. The average chemical composition of the various lots ‘‘as 
east,’’ together with casting temperature, are shown in Table 2. 
Foundry Practice 
6. Each company was left to choose its own practice, but 
was requested to report in detail the foundry practice used. This 
is summarized in Table 3. 
Effect of Foundry Practice 
7. The limited number of tests made did not show any one 
method of melting as superior to the others. Some small differ- 
ences were noted, but there was no consistent relation regarding 
the effect of variations in foundry practice, except as noted under 
‘*Shake-out Time’’ below (see paragraph 21). 


2The specimens were cast by Bohn Aluminum & Brass Corp., Bunting Brass & 
Bronze Co., Detroit Aluminum & Brass Corp., and Federal-Mogul Corp. 
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Fic. 1—Cast SPECIMENS AND THE TENSILE, HARDNESS AND COMPRESSION TEST 


SPECIMENS. 
Table 4 
TENSILE PROPERTIES 
———“‘As Cast’. —MACHINED SPECIMENS—BATTELLE DATA**—— 
Tensile Elong. : Tensile Yield Elong.., Reduction 
Alloy* Strength, % in Strength, Strength, % in of Modulus, 
No. Ibs. per 2 in, Ibs. per lbs. per 2 in. Area% x10°6 
8q. in. sq. in. sq. in. 

Av. 39,200 22.5 39,800 17,400 29.8 27.2 10.5 

1 Max. 43,400T 26.5t 44,000 19,300 41.0 34.4 12.2 
Min. 36,200 18.7 36,600 15,900 23.0 20.6 9.5 

Av. 49,300 37.5 48,400 17,300 47.9 41.0 11.8 

2 Max. 50,400 40.6 50,600 18,000 58.0 42.5 12.2 | 

Min. 46.600 31.0 46,500 16,600 40.5 39.1 11.1 

Av. 33,500 21.8 33,900 15,900 23.2 23.8 10.4 

3 Max. 35,500 25.0 35,800 16,500 27.5 24.8 11.4 
Min. 30,700 17.1 31,600 15,300 19.5 20 6 9.5 

Av. 28,700 13.8 30,400 14,700 16.6 20.2 10.8 

4 Max. 32,700 20.3 34,000 15,300 22.0 25.1 12.8 
Min. 24,300f 7.5t 27,200 13,800 12.5 17.7 9.5 

Av. 30,600 12.0 31,300 15,100 15.9 14.6 9.0 

5 Max. 32,200 12.5 33,700 16,200 17.0 16.3 9.4 
Min. 28,700 11.57 28,900 14,000 14.0 11.5 8.3 

Av. 21,000 16.0 21,100 10,100 15.7 15.7 7.0 

6 Max. 21,800 18.0 21,800 10,200 17.5 17.0 7.4 
Min. 20,100 14.0 20,000 10,000 13.5 14.2 6.7 


7Tensile test on 0.505-in. diameter machined specimen. All other ‘as cast” 
data on rough specimens of about 5<-in. diameter in the reduced section. (Manu- 
facturers’ Data) 

**Battelle Data on machined specimens of 2-in. gage length and 0.505-in. 
diameter. 

*The types of alloys examined, corresponding with the alloy numbers shown 
in the table, were 28 follows : Alloy No. 1, 80-10-10; No. 2, 88-10-0-2; No. 3, 
83-7-7-3 ; No. 4, 85-5-9-1; No. 5, 70-10-20; No. 6, 70-5-25. 
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_DENSITY 
ComP'p. 


DENSITY 


BRINELL 
HARDNESS 


HARDNESS 
0.10 


TENSHE 
STRENGTH 


-COMP, 0.01 
RED. AREA 
YIELD STR 
1}2): cou. 
OL. !- BRINELL HARDNESS , TENSILE, STRENGTH XIO , YIELD STRENGTH X 
NOD MOOULUS OF ELASTICITY x 16° L8/SQ.1N. 
2- ROCKWELL HARDNESS (E-1716-100), AND REDUCTION OF AREA. % 
3- ELONGATION~% /2 IN. 


.4-LOAD IN LB/SQ. IN. TO COMPRESS 01 AND 1 IN. /IN.,AND DENSITY 
BEFORE AND AFTER COMPRESSION. 


Fig. 2—PROPERTIES OF Six BEARING BRONZES. ALLOYS ARRANGED WITH DE- 
CREASING STRENGTH FROM LEFT TO RIGHT. 


Test Specimens 


8. All castings were fin-gate type,* although there was a 
slight modification in those furnished by one of the companies. 
Specimens are illustrated in Fig. 1, which also shows the form 
and position in the ingot of the compression test specimens (on 
the left) and the hardness and pounding test specimens (on the 
right). All specimens were gated for a length of 314 inches on 
each end. 

Tensile Tests 


9. The tensile specimens as shown in Fig. 1 were 0.505 in. 
in diameter with a 2-in. gage length and threaded ends. They 
were selected to represent one of the first molds poured, one near 
the middle and one near the last of each melt. The testing was 
done with a 72,000-lb. Amsler machine. Elongation was read with 


*A.S.T.M. Standards, 1930, pp. 678-681. 
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Fig. 3—REPRESENTATIVE STRESS-STRAIN CURVES FOR Six BEARING BRONZES. 
(See TABLE 4 AND Fig. 2 FoR FuRTHER DatTaA.) 


a Goodyear-Zeppelin Extensometer—readings to 0.00001 in. For 
the specimens of the 80-10-10* alloy, elongation was measured on 
a l-in. gage length with a Huggenberger Tensometer. 

10. The summary of the tensile tests is given in Table 4 and 
is graphically shown in Fig. 2. Each manufacturer made tensile 
tests on ‘‘as cast’’ specimens, and there was very good agreement 
between these values as reported and those obtained by the test 
of the machined specimens at Battelle. The values of the per- 
centage of elongation ‘‘as cast’’ were lower, however, averaging 
about 80 per cent of those values obtained for the machined 
specimens. 

Yield Strength 


11. The yield strengths were determined from the stress- 
strain curves, using A.S.T.M. tentative specification E 6-32 T° and 
taking as the yield strength a set of 0.001 in. per inch or 0.1 per 
cent. The values are given in Table 4 and shown graphically in 
Fig. 2. The stress-strain curves are shown in Fig. 3. 

‘In indicating the composition of the alloys, the amounts of the metals are 


given in this order: copper, tin, lead, zinc. 
‘Proceedings A.S.T.M., v. 32, pt. 1, 1932, pp. 967-969. 
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Compressive Properties 

12. For compression tests, specimens having a diameter of 
0.944 in. and a height of 0.850 in. (90 per cent of the diameter) 
were used. Loads were increased by increments of 2,000 lbs. per 
sq. in. up to a load of 20,000 Ibs. per sq. in., then by increments 
of 10,000 lbs. per sq. in. up to 50,000 lbs. per sq. in., then loaded 
to 75,000 lbs. per sq. in. and finally to 100,000 Ibs. per sq. in. All 
stresses were calculated on the original diameter of the speci- 
mens. The specimens were measured with a surface gage reading 
to 1/100,000 in., which was checked with Johannsen gages. 

13. For each reading the specimen was loaded to the de- 
sired point and the load held constant for 30 seconds, and then 
released and the height of the specimen measured. The load per- 
manent-deformation curves were then plotted, using a semi-log- 
arithmic seale for the decrease in height. The results are shown 
graphically in Figs. 4 and 5 and also given in Table 5. The cor- 
relation of the compressive properties of the bronzes studied with 
the other properties is shown in Fig. 2. 


Density 


14. Density determinations were made of all the alloys in- 


Table 5 
DENSITY AND COMPRESSION TESTS 


-— Density at 24 degs. Cent.—. -—— Compressive Properties —~ 


Change Load (in 1,000 Ibs.) 
— Nominal As Com- in to Produce Permanent 
Compo- Cast. pressed. Volume Deformation of: 

sition (1) (2) 0.001 in. 0.01 in. 0.1 in, 

8.820 9.080 -2.98 14.0 20.7 42.0 

1 80-10-10 ral 8.900 9.196 -3.60 15.0 22.0 45.0 
Min. 8.726 9.013 -2.32 13.0 20.0 40.0 

8.573 8.723 -1.72 16.0 22.0 45.0 

2 88-10-0-2 = 8.626 8.737 -1.98 16.0 22.0 46.0 
Min. 8.551 8.712 -1.27 16.0 22.0 44.0 

8.604 8.864 -2.93 14.0 19.5 36.5 

3 -7-7-3 =i 8.771 8.926 -3.58 14.0 20.0 37.0 
{Min 8.543 8.813 -1.75 14.0 19.0 36.0 

(Av 8.831 9.006 -1.95 14.5 17.5 34.5 

4 85-5-9-1 { Max. 8.930 9.037 -2.56 15.0 18.0 35.0 
{is 8.772 8.993 -1.19 14.0 17.0 34.0 

(Av 9.037 9.217 -1.96 14.5 20.0 41.0 

5 70-10-20 Max. 9.184 9.242 -4.07 15.0 21.0 46.0 
Min. 8.852 9.192 -0.38 14.0 19.0 36.0 

8.898 9.334 -4.67 10.0 14.0 26.0 

6 70-5-25 a 8.995 9.346 -5.50 10.0 14.0 26.0 
Min. 8.832 9.316 -3.68 10.0 14.0 26.0 


1After load of 100,000 Ibs. per sq. in. 
2In per cent of original. All show decrease in volume, or increase in density. 
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eluded in this study, using the compression test specimens. 
Density before compression was determined from the calculated 
volume of the specimen and its weight; after compressing, by the 
Archimedes principle. The results are given in Table 5; see also 
Fig. 2. 

15. The significant observation with reference to the densi- 
ties is that in all cases the specimens were more dense after being 
subjected to a compression of 100,000 Ibs. per sq. in. Cold work- 
ing, as by compression, decreases the density of annealed sound 
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specimens of pure metal. That this does not hold for these alloys 
seems to show that the specimens ‘‘as cast’’ are somewhat porous, 
and that compression closes up the pores and makes them more 
dense. 

16. There was good agreement for the values of the speci- 
mens of the same type of composition except in the 70-10-20 type, 
where the Lot C specimens were sufficiently porous to affect no- 
ticeably the tensile strength and hardness. 

17. These results would suggest the possibility of using the 
change in density, or the decrease in volume, of specimens during 
compression as a means of detecting porosity. It seems that ex- 
cessive porosity could be detected in this way, and such a deter- 
mination might be useful in research work and might even have a 
place in the routine testing of castings. 


Hardness 

18. Hardness is rarely included in American specifications 
for bearing bronzes, although in some it is given for information 
only. In German specifications, however, the minimum Brinell! 
hardness generally is included. As regards specifications, while it 
seems to have been considered of minor importance from an en- 
gineering viewpoint, hardness is one of the important properties 
of a bearing. Hardness, not only at room temperature but also 
at elevated temperatures encountered in operation, should be con- 
sidered. 

19. Hardness of the six alloys was tested at intervals from 
room temperature up to 450 degs. Fahr. (232 degs. Cent.). At 
room temperature both the Rockwell hardness (‘‘E”’ seale) ¥-in. 
ball and 100-kg. load, and the Brinell hardness using a 10-mm. 
ball and 500-kg. load, have been determined. The Rockwell and 
Brinell values of the hardness of the different bronzes at room 
temperature are given in Table 6 and are shown graphically in 
Fig. 2. 

20. Only the Brinell hardness values were determined at elec- 
vated temperatures. The summarized data are also given in 
Table 6. The hardness decreased slightly with increase in tem- 
perature up to 350 degs. Fahr., but in the range from that tem- 
perature to 450 degs. Fahr. the hardness remained practically 
constant, or showed a slight increase. 

21. There appeared to be some relation between the shake- 
out time and the hardness; this relation was not-always consist- 
ent, however, and definite conclusions cannot be drawn without 
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Table 6 
Harpness Test Data 
er & — Rockwell* _ Brinellt =~ 
ro 75°F. 75°F. 150°F. 250°F. 350°F. 450°F. 

71 64 61 59 56 58 

1 80-10-10 ~e 79 68 66 63 60 60 
Min. 65 59 58 56 51 53 

74 66 64 60 58 59 

2 88-10-0-2 ~2 79 70 68 62 60 62 
Min. 69 59 61 55 54 57 

62 53 52 52 50 50 

3 83-7-7-3 = 68 58 60 56 53 53 
Min. 52 49 44 44 47 46 

60 52 52 50 49 49 

4 85-5-9-1 a 63 53 57 52 52 50 
Min. 56 51 46 44 45 45 

63 60 58 57 53 54 

5 70-10-20 al 75 69 66 63 59 61 
Min. 53 53 51 52 48 46 

if 32 42 41 40 38 38 

6 70-5-25 jis 35 43 42 41 38 38 


Min. 30 41 41 38 38 38 


*Rockwell Hardness (“E” Scale), %-in. ball and 100-kg. load. 
+Brinell Hardness—10-mm. ball, 500-kg. load, 1 minute. 


making a series of tests in which the shake-out time is varied for 
each type of alloy. In the 70-10-20 alloys the specimens which 
were shaken out in a half-hour were definitely harder than those 
which remained in the mold for 14 hours. The same tendency 
was shown for the 88-10-0-2 and 83-7-7-3 alloys, but to a lesser 
degree. In the case of the 80-10-10 alloys, there was practically 
no difference in the hardness for variations of from one-half to 
744 hours in the time in the mold. 

22. Hardness test specimens were 1% in. long and 11/16 
in. square, prepared from the long end of the test bars (Fig. 1). 
Tests at elevated temperatures were made with a 10-mm. tungsten 
carbide ball. At room temperature (75 degs. Fahr.) a water bath 
was used; at 150 and at 250 degs. Fahr., a glycerin bath; at 350 
and at 450 degs. Fahr., a bath of ‘‘Fisher Wax.’’ The load was 
applied for one minute. Four diameters at 45 degrees apart were 
read on each impression, two tests made on each block, and three 
blocks from each manufacturer were tested. 





Pounding 


23. The importance of resistance of bearing bronzes to de- 
formation by repeated pounding is obvious, and the results of 
pounding tests may be used to correlate other data in evaluating 
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the properties of these materials. Pounding tests were made both 
at room temperature and at 350 degs. Fahr., the latter approxi- 
mating the maximum operating temperature under normal con- 
ditions. 

24. Pounding tests were made using a machine similar to 
that used on bearing metal research at the Bureau of Standards.® 
Test conditions are similar and results comparable. The machine 
is constructed to give repeated blows in compression from a pile- 
driver-like hammer weighing 7.15 lbs. and falling from a height of 
2 inches. An auxiliary device catches the hammer on the rebound 
to prevent uncontrolled strokes. 

25. Small cylinders of bronze 10 mm. in diameter and 20 
mm. long were used as test specimens. A small hole was drilled 
into the base to locate the specimen on a pin on the anvil of the 
pounding machine. Readings were made to the nearest 0.005 mm. 
and the number of blows between readings regulated to provide 
sufficient points to draw a smooth curve of the test results thus 
obtained. 

26. The testing at 350 degs. Fahr. (177 degs. Cent.) was 
carried on in a similar manner, care being taken to maintain a 
uniform temperature in the specimen and the anvil. Deforma- 
tion was read by means of a telescope and comparator, the top and 
bottom of the specimen being read each time. Twenty minutes 
was allowed after the specimen had been placed in the furnace 
before pounding was started. 

27. The alloys showed resistance to pounding at room tem- 
perature and at the elevated temperature, for both 1 per cent and 
5 per cent deformations, in the following order: 


Order of Resistance Nominal Tin/Copper 
to pounding. Composition. Ratio. 
1 88-10-0-2 0.114 
2 80-10-10 0.125 
3 70-10-20 0.143 
4 83-7-7-3 0.084 
5 85-5-9-1 0.059 
6 70-5-25 0.067 


28. These showed quite definitely that with an allowance for 
lead content, alloys show resistance to pounding as a function of 
the tin/eopper ratio. It was noted that those specimens which 
had been allowed to remain in the mold for a long time before 
shaking out, showed definitely a lower resistance to pounding in 
some alloys. The general results of the pounding tests are sum- 


6H. J. French and others, Bureau of Standards Jl. of Research, v. 1, 1928, pp. 
343-421, and Research Paper No. 13. 
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Table 7 
RESULTs OF PouNpING Tests AT Room AND ELEVATED TEMPERATURES 
Alloy Nominal No. of Blows to Produce —-Percent Deformation 
No. Compo- Deformation of: —S at End of Test.1—— 
sition. 1% 5% 1% 5% 
° 15°F,  350°F. 75°F. 350°F. 
15 960+ 6 850+ 4.50 4.30 
1 80-10-10 te 21 1000+ 8 1000+ 5.20 7.20 
Min. 10 800 4 250 3.60 2.50 
22 900+ 7 900+ 3.95 4.05 
2 88-10-0-2 =a 50 1000+ 9 1000+ 5.55 6.85 
Min. 11 630 5 320 2.45 2.15 
6 220 3 38 8.35 8.352 
3  83-7-7-3 ad 8 600 4 48 10.05 9.508 
Min 5 100 3 29 5.35 7.15 
5 54 2 23 9.654 9. 605 
4 85-5-9-1 ~ed 5 70 3 26 10.35¢ 10.357 
Min 4 34 2 19 7.65 8.60 
13 750+ 4 560+ 5.10 5.20 
5 70-10-20 ta 20 1000+ 7 1000+ 6.75 5.95 
Min ~ 280 3 175 3.25 4.10 
3 23 2- 15 10.558 10. 20° 
6 70-58-25 a 3 23 2- 15 10.758 10.459 
Min 3 22 2- 15 10.408 10.059 


1This deformation, except as noted, is for 1000 blows, the maximum given any 
one specimen. 


*For average of 930 blows per specimen. 

*For 1000 blows; another specimen had 8.7 per cent for 800 blows. 
‘For average of 800 blows. 

‘For average of 575 blows. 

*For 400 blows; also another with 10.65 per cent for 800 blows. 
"For 260 blows; also another with 10.45 per cent for 400 blows. 
For 200 blows. 

*For 60 blows. 
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marized in Table 7, while typical pounding curves are illustrated 
in Figs. 6, 7 and 8. 

29. Fig. 6 shows the pounding test curves for the 80-10-10 
alloy at room temperature. These curves represent tests on three 
specimens from each of three manufacturers. Similar tests at 350 
degs. Fahr. (177 degs. Cent.) are shown in Fig. 7. The effect of a 
high-lead content on the pounding test curves is shown in Fig. 8, 
which presents curves for the 70-5-25 alloy tested at room tem- 
perature. 

30. It will be noted that with the exception of the alloy 
70-5-25, all of the curves show that the deformation proceeds in 
an irregular manner. The specimens may deform only one-tenth or 
two-tenths per cent in 300 blows and then deform two-tenths in 
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the next 10 blows. This probably is due to a certain amount of 
work hardening, followed by a new range of deformation. 

31. Resistance to deformation at elevated temperatures was 
lower for small amounts of deformation, but roughly the same for 
the deformations of around 5 per cent and those produced by 
1,000 blows. Thus, at elevated temperatures the alloys show 
somewhat less resistance to small deformations but work-harden 
to the same degree as at room temperature. It also shows that 
the temperature used (350 degs. Fahr.) is below the rapid an- 
nealing temperature of the alloys studied. 


SUMMARY AND CONCLUSIONS 


32. Six bearing bronzes representative of modern practice 
in four foundries have been tested for tensile and yield strength, 
elongation, reduction of area, hardness at room temperature and 
at elevated temperatures, resistance to pounding at room tem- 
perature and at 350 degs. Fahr. (177 degs. Cent.) 

33. Good agreement has been found between the properties 
of specimens of the same alloys cast in the different participating 
foundries. 

34. Such properties as tensile strength, elongation, and re- 
duction of area were found to be well above present specification 
requirements for the alloys tested. 

35. It is possible to prepare data sheets from the results 
obtained for these six bearing bronzes which will give helpful 
engineering information. 

36. It appears that similar data are needed for other exten- 
sively-used bearing bronzes. 

37. There is need for correlation between the properties re- 
ported in this investigation and actual bearing performance in 
different types of service. 


DISCUSSION 


G. H. CLAMER:* I am told that steel-backed bearings are becoming 
more popular than bronze-backed bearings, particularly in the automo- 
tive field. I was talking with a friend about the design of the present 
engines used in the automotive industry, and particularly about the 
changes that have been made in the design of bearings. The tendency 
is to use smaller bearings. That is possible as a result of forced lubri- 
cation. Can anybody give authentic information as to whether the trend 
is continuing in the direction of steel-backed bearings? 


1 Ajax Metal Corp., Philadelphia. 
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C. S. Cote: During the past year there has been little change from 
bronze to steel-backed bearings. Certain groups of manufacturers still 
tend toward the steel-backed bearing; some because they think bronze- 
backed bearings are not strong enough and others because they may get 
a lower price on the steel-backed variety. The alloys that we tested, 
especially the 80-10-10, show that some bronze bearing alloys have much 
higher properties than are called for in present specifications. A careful 
inspection of the data presented in our paper should make the users 
of steel-backed bearings again think of bronze and make those contem- 
plating a change from bronze to steel reconsider. 

CHAIRMAN SAM Tour:? Mr. Cole’s statement that some of these 
alloys show much higher properties than specifications require, is inter- 
esting. I think a number of nonferrous specifications indicate that one 
alloy is better than another, whereas in actual practice, the reverse is 
true. To that extent, I believe some nonferrous producers have been 
at fault in trying to keep specifications too low as far as physical prop- 
erties are concerned. That allows makers of competing metals to point 
out to users how poor some copper-base alloys are, based on specifications, 
when the specifications do not indicate really what the alloy will do. 

Memeper: At our factory, they have experimented with steel-backed 
bearings and found many objections. The idea of studying that type 
bearing was the question of price. Many users of bronze have desired 
to get a quality article at a little bit less than they should be asked 
to pay for it. The idea was developed by two or three other concerns 
and was introduced as a cure-all proposition. It was possible for users 
to buy from a jobbing house without any definite knowledge of applica- 
tion, practicability, correct design or proper lubrication. There has been 
a decided set-back to the use of steel-backed bronze which is not due 
entirely to the material itself or design, but rather to the fact that it 
has been applied or used improperly. However, if prices keep increasing, 
I would not be surprised to see a new demand created for the steel- 
backed bronze bearing. 

G. H. CLaAmMerR: In referring to a bronze steel-backed bearing, do you 
refer to the lead-copper alloy? 

Member: I was referring to a copper-tin-lead bronze rather than 
babbitted steel. 

CHAIRMAN Tour: Mr. Clamer’s original question was on the substitu- 
tion of steel for bronze in the backing itself, in a babbitt-lined bearing. 

G. H. CLramer: Yes, but the tendency now is to use a steel back 
with a copper-lead.alloy lining, which ordinarily is referred to as bronze. 
It is a 75 per cent copper and 25 per cent lead or 60 per cent copper 
and 40 per cent lead alloy, eliminating the babbitt. Those bearings are 
used extensively. 

J. H. Roastr:* I was in Glasgow, Scotland, at the Beardmore com- 
pany a year or two ago and that company was recommending strongly 
a combination of all three, a steel back, a tin-lead bronze and a babbitt 
top. 
wt 2Lucius Pitkin, Ine., New York. 

8 McGill University, Montreal, Canada. 
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C. S. Core: I think that it is important that we note how much 
above the specifications good foundry practice can make these standard 
bearing metals. The specifications may be slightly low but probably good 
foundry practice can make bearing bronzes that will come within the 
limits of those discussed in the paper. 

E. F. Hess:* If the time comes when there is a definite test bar 
for brass alloys, it will be possible to talk the same language. A lot 
of test bars are made under varying conditions, shape, etc., and they 
give quite a variation in tensile strength. 

G. H. CuAmMer: Mr. Hess’ statement is to the point. The tests, 
I gather, were made with the web or fin-gate type bars that were not 
machined except in a few cases. 

C. S. Cote: The preliminary tests made by the foundries were made 
on rough castings, except as noted in Table 4. All tests at Battelle 
Memorial institute were made on machined specimens. 

G. H. Cramer: These tests show, for the 80-10-10 alloy, as high as 
44,000 lbs. per sq. in. As a matter of fact, if you cut a test piece from 
a bearing, such as those used on railroad cars or locomotives, it is hard 
to get anything above 20,000 to 22,000 Ibs. per sq. in. for that alloy. Section 
exerts an influence on physical properties. In the specification we are 
indicating what might be expected in a commercial casting instead of 
the results obtained from bar tested under ideal conditions. — 

J. H. Roast: I think that the idea of increasing the specifications 
is not good, I have found a growing tendency among Canadian engineers 
to say, “Yes, this is your specification on your test bar, but what is it 
in the design that we are discussing?” In my experience that attitude 
is growing and if it keeps increasing, we are better off if we have specifi- 
cations more in line with results that may be obtained under a reason- 
ably practical application. 

C. S. Cote: This discussion leads back to the old controversial sub- 
ject of the value of test bars. Our data presents the values obtained 
from test bars prepared in accordance with the A.S.T.M. specifications. 

MemMpBer: With reference to the test results, there are so many con- 
ditions that can affect the finished casting that great care should be 
exercised before deciding that the results of these particular tests are 
complete. My company has gone through an experience lately that brought 
forth that question. I was noticing density in the development of a 
bronze for seal rings. By pouring at a slightly higher temperature it 
was possible to fume-off a little of the tin and by that process develop 
a much denser bronze than the same analysis under ordinary foundry 
practice. Density, hardness, etc., can be affected by foundry practice so 
radically that the foundrymen must be careful before determining that 
these results cover the definite points that have been brought out. 


. 4Ohio Injector Co., Wadsworth, O. 








Beryllium-Copper Castings—Foundry 
Practice, Heat Treatment, Properties 


By Epwin F. Cong, NEw Yorxk 


Abstract 


This is a progress report on developments in the produc- 
tion of beryllium-copper alloy castings—a new field. Source 
of the metal beryllium, some of its properties, and its re- 
covery from the ore as a “master alloy” of 12.5 per cent Be 
and the balance pure copper, are outlined. Data thus far 
indicate that the foundry practice closely resembles that for 
phosphor bronze. The master alloy is used as a@ raw ma- 
terial for introducing beryllium into the alloy, the aim being 
to secure a range of 1.50 to 2.50 per cent Be. The 2.50 
beryllium-copper alloy is regarded as standard for castings. 
Heat treatment is interesting, the alloys belonging to the 
precipitation-hardening class. After a solid solution treat- 
ment, precipitation hardening can be attained by heating 2 
to 3 hours at 525 to 575 degs. Fahr. and air cooling. Very 
high tensile strengths result, with hardness values up to 400 
Brinell. Properties of the rolled or wrought alloys of 2.25 
per cent Be have even more excellent properties than the 
cast products; some are given in the paper. Electrical and 
thermal conductivity are discussed. Data included show the 
hardness range for certain compositions heated at 525 to 575 
degs. Fahr. for varying periods. That the alloys of beryllium 
and copper have high wear-resisting properties is demon- 
strated by results of some authoritative tests. Anti-corro- 
sive properties have been demonstrated by certain applica- 
tions in the oil industry where sulphur and abrasive condi- 
tions prevail. Applications of the 2.50 per cent beryllium- 
copper alloys are dealt with in concluding paragraphs. A 
bearing sleeve for a new adjustable-pitch propeller has been 
made in fairly large numbers, precipitation hardened before 
machining. Racing-boat propellers of beryllium bronze have 


NoTe: This paper was presented and discussed before one of the nonferrous 
sessions of the 1933 Convention of the American Foundrymen’'s Association. 
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also been made. Other products include cams, gears and pin- 
ions, etc. <A nickel-beryilium master alloy of about 12.5 per 
cent Be also is available, with some interesting products be- 
lieved possible. The whole field of beryllium and its non- 
ferrous alloys has only been scratched 


1. A comparatively new alloying element has been recently 
introduced to metallurgists—it is beryllium (Be), originally named 
glucinum. Some of the properties which it bestows as an alloy are 
exceedingly interesting and are attracting wide interest in several 
industrial fields. The development is in its early stages, but 
enough investigation and progress have been made in this coun- 
try and in Europe to warrant the prediction that the metal will 
play an important role in industry. 

2. Beryllium resembles the aluminum-magnesium family in 
some of its properties. It is one-third lighter than aluminum and 
one-sixteenth heavier than magnesium. Put in another way, it is 
about 35 per cent lighter than aluminum, having a specific gravity 
of 1.85 and a melting point of about 2335 degs. Fahr. 

3. Within the memory of many now living, aluminum was 
as unfamiliar some fifty years ago as beryllium is now. Abut 25 
to 30 years ago the same was true of magnesium. Today these two 
metals are essential factors in the engineering and industrial 
life of the world, either as metals or as alloys in the wrought or 
cast condition. It is not improbable that, in the not-distant future, 
beryllium may assume a place similar to aluminum and mag- 
nesium in industry. 

4. Like aluminum and magnesium, beryllium occurs in com- 
mercial quantities in nearly every country. It exists more com- 
monly as the ore, beryl, a beryllium-aluminum-silicate which con- 
tains on the average about 5 per cent beryllium. 

5. Recovery from the ore is difficult and expensive on a small 
seale, which explains the present high cost of beryllium. It is ex- 
tracted by the electrolytic treatment of a fused chloride or fluoride 
bath of the salts of the metal—similar to the aluminum or mag- 
nesium reduction processes. Unquestionably, as progress is re- 
corded and demand for the metal increases, its cost will be lowered. 
This is the history of aluminum, magnesium, vanadium and molyb- 
denum, all highly important in their various fields. 


A Beryllium Master Alloy 


6. Up to the present time the principal applieation of beryl- 
lium as an alloy has been in the nonferrous industry as both 
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wrought or fabricated and cast products. The commercial de- 
velopment has been confined to alloys of copper, but other series 
of alloys are under investigation. For this purpose a so-called 
‘‘master alloy,’’ containing about 12.5 per cent beryllium with the 
balance copper, has been prepared commercially and is being mar- 
keted by an American company. With this master alloy as a raw 
material base, varying percentages of beryllium are being intro- 
duced into copper with about 1.50 to 2.50 per cent beryllium in 
the prevailing alloyed products. 

7. Thus far, most of the research which has been accom- 
plished has been in the fabricated or wrought alloys of beryllium 
and copper. In the eastings field, research has not advanced as 
far. Considerable progress, however, has been made, and it is the 
purpose of this paper to present a progress report on some of the 
salient features. 

8. Actual foundry production in this new field, on a some- 
what limited scale, has been conducted by the American Manga- 
nese Bronze Co., Holmesburg, Philadelphia, where commercial or- 
ders for certain types of products of beryllium bronzes have been 
filled. Some experimental investigative work there has also been 
conducted, and the writer, who has visited this foundry, is in- 
debted to this organization for some reliable data which are in- 
cluded in this paper. 


How to Add the Beryllium 


9. To introduce definite percentages of beryllium into a cop- 
per product, the 12.5 per cent master alloy is obtained from the 
producer, who furnishes the exact beryllium content with each 
shipment. This alloy is very brittle in its high state of concen- 
tration and can easily be broken up into suitable pieces for addi- 
tion purposes. The calculation of the charge is made according to 
the following formula: 


T Be, 
——* — pounds of master alloy. 
Be, 
where T — total pounds of metal desired, 
Be, = per cent beryllium desired in fina! product, and 


Be, = beryllium in master alloy. 





10. In producing a beryllium-copper alloy casting, the cop- 
per is dead-melted in a clay graphite crucible under a heavy cover- 
ing of charcoal. An electric furnace can be used. The melt is 
deoxidized thoroughly with boronic copper, calcium, lithium, 
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silicon or magnesium. Practice of the American Manganese Bronze 
Co. is to use boronic copper. Beryllium has a great affinity for oxy- 
gen and of itself would completely deoxidize the copper; thus, in 
order to prevent consumption of beryllium, the above-mentioned 
deoxidants are preferably and necessarily used. Free boric acid 
should not be used, although glass borax in the charcoal covering 
may be employed as additional protection. 

11. To offset the cooling effect produced by the addition of 
the master alloy, the bath of pure copper is heated to just above 
2200 degs. Fahr. before additions. After the additions of small 
pieces of the 12.5 per cent alloy, the bath is stirred with a graphite, 
plumbago or nichrome rod, using special care so that the alloy 
does not float on top. Too active stirring is to be avoided because 
of the unfavorable effect due to absorption of gases. Iron stirring 
rods are prohibited. 

12. The next point is to bring the bath by cooling or heating 
to the pouring temperature, which should be as low as possible— 
from 1900 to 2000 degs. Fahr. is recommended by the alloy pro- 
ducing company. The practice at the Holmesburg foundry is to 
keep the temperature for pouring as near 2000 to 2100 degs. Fahr. 
as possible, avoiding the necessity of reheating to achieve the 
desired result. Careful pyrometric control and good foundry 
practice have made this possible. 


Pouring Temperatures and Foundry Practice 

13. Casting of the alloy is then conducted according to usual 
methods. Pouring should take place as soon as practicable at the 
proper temperature after additions of the master alloy. Pouring 
too hot with relation to the job in hand should be avoided, and at 
too low a temperature unfavorable results follow. All pouring 
operations are conducted with a charcoal covering on the metal. 

14. Sand casting practice is that usually followed for cast- 
ings. For metal to be subsequently fabricated, chill molds are 
preferable. If cast iron molds are used they should be thoroughly 
cleaned, warmed to about 250 to 300 degs. Fahr. and dressed by a 
coating of soot obtained by customary methods. 

15. As to sand casting in general, operations should closely 
approximate the practice ruling in the casting of phosphor bronze. 
The use of heads and gates is necessary to insure the usual even 
flow of metal in the mold. 

16. Practice at Holmesburg, where heats of 200 lbs. are made, 
is to use green-sand molds. Heading and gating are simple, the 
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practice usually following that for aluminum or phosphor bronze. 
Size of heads and gates approximate those used for phosphor 
bronze and are only about one-fourth the size necessary for alum- 
inum bronze; that is, the shrinkage is much less than for aluminum 
bronze, approximating that of phosphor bronze. Linear shrinkage 
has been found to be about 3/16 in. per foot for the 2.5 per cent 
beryllium alloy. 

17. The melting loss on 200-lb. lots has been found to be 
about 9 per cent for both the beryllium and the copper. Rejections 
have not exceeded 2 per cent. Castings come out clean, smooth 
and sound in most eases and have a golden copper color. A fea- 
ture is the high value of the scrap, from which the possible beryl- 
lium recovery is high. 


Beryllium as a Deoxidizer 


18. Because of its inherent deoxidizing power, beryllium is 
strongly recommended for this purpose in making copper castings, 
in addition to its use as an alloying agent. For this purpose, 
standard practice is to add 0.01 to 0.02 per cent beryllium, either 
alone or, preferably, following standard deoxidizers such as boronic 
copper, to copper and copper-base alloys. Experience reveals the 
fact that the soundness of such castings, as well as their machin- 
ability and workability, will be measurably improved and clean, 
sound castings free from imperfections secured. If percentages of 
beryllium up to 0.05 to 0.10 per cent be employed, further improve- 
ment of machinability is claimed to result. 


Interesting Heat Treating Practice 


19. Heat treatment of the beryllium-copper alloys is very 
interesting and important. Only by carefully regulated practice 
ean the full properties be brought out. 

20. In general, the beryllium-copper after casting should be 
held at a maximum of 1475 to 1500 degs. Fahr. for at least two 
hours. This insures the complete solution of any precipitated beryl- 
lides. The mass and shape of the casting will determine the length 
of time required, which is also increased as the percentage of 
beryllium increases. Because the disintegrating temperature of 
beryllium-copper seems to lie somewhere around 1550 degs. Fahr 
or slightly above, the temperatures of 1475 to 1500 degs. Fahr. 
should be carefully regulated by pyrometric control. 

21. After soaking at this temperature, the product is quenched 
in cold water which should be accomplished as soon as possible, 
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after which it will be found to have its maximum softness, maxi- 
mum elongation and minimum tensile strength. This treatment, 
readily recognized as the solid solution treatment, is essential and 
preliminary to the precipitation hardening treatment described 
later. It should in all cases be applied before machining. For a 
2.5 per cent beryllium-copper alloy, the Brinell hardness of the 
quenched product is about 100. Such castings can be readily ma- 
chined. 


Hardening by Precipitation Treatment 


22. <A feature of the beryllium-copper alloys, or the beryllium 
bronzes, is their susceptibility to a precipitation hardening treat- 
ment, which greatly enhances their properties and value as engi- 
neering materials. This treatment is applied to the annealed or 
solid solution beryllium-copper castings. Recommended practice 
is heating at 525 to 575 degs. Fahr. and no higher for varying 
periods of time so as to insure complete precipitation. If a higher 
temperature is employed the precipitated beryllide tends to be re- 
absorbed, with a consequent decrease in hardness. <A peculiarity 
of these alloys is that a slight decrease in volume results from the 
precipitation hardening treatment, which may be set down as ap- 
proximately 0.001 in. per inch of diameter. 

23. To obtain the expected strengths, hardnesses and wear- 
resisting qualities from this special treatment, for castings contain- 
ing 2 per cent or over of beryllium the heating period is recom- 
mended as 3 hours. There is a progressive increase in electric 
conductivity between a 3-hour and a 24-hour treatment, with a 
maximum obtained from the 24-hour treatment. For castings con- 
taining 1.25 to 2 per cent beryilium a 5-hour treatment is recom- 
mended to insure desired characteristics. Further investigation 
may somewhat alter these recommendations. 


Special Treatment to Avoid Distortion 


24. A special procedure is suggested, by the corporation pro- 
ducing the alloy, for castings of thin section or complicated shape, 
because there is the possibility of some distortion taking place due 
to the weight of the casting pulling itself out of shape. To over- 
come this possible distortion, the following heat-treating sequence 
is suggested : 

(1) Heat in as non-oxidizing an atmosphere as 
possible at 1475 to 1500 degs. Fahr. (maximum) for 2 
hours. Cool in air (normalizing). 
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(2) Reheat, properly supported, and quench in 
water. 
(3) Rough machine, i.e., leave enough material for 

a safe finishing grind. 

(4) Reheat, properly supported in a form, and 
requench. 

(5) Precipitation harden on the form. 

(6) Wet grind to a finish. 

25. This practice may be varied, two steps (Nos. 2 and 5) 
that are essential being always included. Step No. 3 may be 
omitted, leaving all machining until after precipitation harden- 
ing, employing Nos. 1, 2, 4 and 5, or at least steps Nos. 2 and 5. 
Any grinding in the hardened state should be done wet. Machin- 
ing can be accomplished with any good grade of high-speed steel. 


When Pickling Is Necessary 


26. If pickling is found necessary, a 5 to 7 per cent solution 
of nitric acid, a 10 per cent solution of sulphuric acid, or a 10 
per cent solution of nitre cake may be used. This should be car- 
ried out one step prior to the last heat treatment, which will, of 
course, eliminate any occluded hydrogen caused by pickling 

27. The alloy which has received the most attention thus far 
and which has been found to be best suited for certain castings is 
the one containing about 2.50 per cent beryllium. In the precipita- 
tion hardened condition (after 3 hours heating at 575 degs. Fahr.) 
the properties as given by the alloy producer are as follows: 

Tensile strength, lbs. per sq. in.....110,000 to 120,000 


Yield point, Ibs. per sq. in........ 85,000 to 90,000 

Elongation in 2 in., per cent....... 0.0 

Reduction of area, per cent........ 1.0 

IE SN od Gicc 0 a.0's 6.00 0006 375 to 400 

Electrical conductivity.............32 to 35 per cent of stand- 
ard annealed copper. 

Thermal conductivity............./ Approx. same, relative to 


copper, as electrical con- 
ductivity. 


28. This phase of the casting development has not been thor- 
oughly irivestigated, but quite a number of tests have been made 
by two or three companies. Table 1 gives a few of these tests for 
alloys of different percentages, in ‘‘as cast,’’ annealed and precip- 
itation hardened states. All tests were made by the Chase Copper 
& Brass Co., Waterbury, Conn., the Bridgeport Brass Co., Bridge- 
port, Conn., and the American Manganese Bronze Co., Holmesburg, 
Pa. Variations in heat treatment and in contained beryllium will 
alter these results. 
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Table 1 
PHYSICAL TESTS OF BERYLLIUM-COPPER ALLOYS 
Elastic Tensile Elongation Reduction 
Per Cent of Limit, Ibs. Strength, lbs. in 2 in., of Area, Brinell 
Beryllium. per sq. in. per sq. in. per cent. per cent. No. 
“As Cast” Condition : 
1.79 47,130 60,200 5.0 11.6 119 
1.79 38,200 63,400 9.0 13.1 100 
1.36 33,400 41,500 4.0 9.7 136 
2.19 43,600 62,200 14.0 20.0 109 
2.19 39,100 47,100 7.0 13.0 93 
2.19 51,800 72,200 10.0 22.0 158 
Annealed Condition : 
1.67 16,810 41,100 29.0 31.4 54 
1.79 15,800 33,400 16.0 22.2 65 
2.19 22,800 39,250 11.0 22.0 86 
2.19 22,150 40,600 13.0 25.0 70 
2.45 28,400 57,200 6.0 13.0 143 
Precipitation Hardened at 575 degs. Fahr. for 3 hrs.: 
1.79 39,000 71,100 3.0 5.5 119 
19 84,800 104,000 1.0 0 444 
2.19 87,600 116,600 1.0 0 415 
2.45 93,400 117,300 1.0 0 415 
2.45 97,700 117,000 1.0 0 415 
Precipitation Hardened at 575 degs Fahr. for 24 hrs.: 
1.67 49,300 69,600 3.0 3.1 183 
1.79 74,200 95,400 2.0 1.2 207 
2.50 83,200 100,000 0 0 269 
1.57 R 73,600 91,300 2.0 0 321 
1.57* 74,200 99,600 3.0 0 331 
* Heated for 7 hrs. 
Table 2 
PHYSICAL PROPERTIES OF ROLLED BERYLLIUM-CoPPER ALLOYS AFTER 
HARDENING 
Johnson’s 
Elastic Tensile Elongation Rockwell Young’s 
Limit, lbs. Strength, lbs. in2in. Hardness Modulus, 
per sq in. per sq. in. per cent No. x10° 
1.5 per cent Beryllium : 
Fully annealed ....... -- 49,900 64.5 B25 —- 
Rolled 6 Nos. hard.... -- 99,000 4.0 B96 - 
Same, Heat-treated 
(Precipitation Hard- 
CN. ovat o0 05 46h os — 128,000 11.0 B104 -- 
2.0 per cent Beryllium: 
Fully annealed........ 15,000 59,000 65.0 B42.5 15.2 
Rolled 6 Nos. hard.... 79,000 112,000 4.0 B10 16.0 
Same, Heat-treated 
(Precipitation Hard- 
ee eae 132,000 176,000 2.5 B113 17.9 
2.5 per cent Beryllium : 
Rolled 1% Nos. hard... 64,000 110,000 10.0 C22 16.3 


Same, Heat-treated 
(Precipitation Hard- 
DS eueam shee aah 116,000 196,009 3.0 C42 19.0 
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Properties of the Rolled Alloys 


29. The physical properties of these alloys are quite different 
after rolling and precipitation hardening. A few of such results 
are interjected here as a matter of general interest. For example, 
according to tests made by the American Brass Co., Waterbury, 
Conn., the properties of 0.040-in. sheet are given in Table 2. Vari- 
ations in the results in the table are possible, depending on com- 
position, thickness of sheet, heat treatment and so on. 


Electrical Conductivity 


30. Compared with steel, phosphor bronze and other high- 
strength materials, the electrical conductivity of beryllium-copper 
alloys is reported high. This has been determined by the re- 
searches of two American companies. The same heat treatment 
which improves the physical properties so remarkably, as discussed 
in preceding paragraphs, also increases the electrical conductivity, 
as shown in Fig. 1. In general, this shows that the highest con- 
ductivity is reached at a beryllium percentage of around 2 per cent 
and a precipitation hardening period of 48 hours. 

31. In further reference to the deoxidizing effect of beryllium 
on copper castings, it has been ascertained that whereas, for ex- 
ample, 0.02 per cent phosphorus introduced into copper castings 
results in an electrical conductivity of 44, only 0.01 per cent beryl- 
lium imparts an electrical conductivity of 53. Conductivities as 


‘ 
é 
$ 








Fig. 1—E.LectTricaL CONDUCTIVITY OF BERYLLIUM-COPPER ALLOYS IN “AS 

Cast” CONDITION, SHOWING CHANGE IN CONDUCTIVITY WITH INCREASED TIME 

OF PRECIPITATION HARDENING TREATMENT. HARDENING FURNACE TEMPERATURE 
or 575 Dees. FaurR. + 15 DEGREES (BERYLLIUM DEVELOPMENT CORP.) 
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high as 56 are obtainable by the use of 0.02 to 0.03 per cent beryl- 
lium. It is claimed also that, in a similar manner, the heat con- 
ductivity of copper is also increased. The foregoing figures* are 
based on a conductivity of pure copper of 60 at 20 degs. Cent. 
(68 degs. Fahr.) 

Thermal Conductivity 


32. Some thermal conductivity tests have been made by a 
reliable laboratory, but further data are necessary for drawing 
satisfactory conclusions. The tests were made with two cylindrical 
specimens machined from a cast bar containing 2.45 per cent beryl- 
lium. The specimens were tested (a) in the as cast or ‘‘as re- 
ceived’’ condition, (b) in the quenched condition, (¢c) in the 
quenched and hardened condition, and (d) in the quenched and 
annealed condition. 

33. In all three quenching treatments the specimens were 
heated to 1450 degs. Fahr., held for 1 hour and quenched in cold 
water. The specimens were hardened at 570 degs. Fahr. and air 
cooled. Forty-five minutes were required to reach this tempera- 
ture, which was maintained for three hours before cooling. The 
specimens were annealed by heating at 750 degs. Fahr. for 50 
hours, followed by a 20-hour cooling period in the furnace. For 
condition (c) the thermal conductivity in calories per second per 
centimeter per degree (sec’em“deg) is as follows: 

Degs. Cent. _ 

50 100 150 200 250 300 350 400 450 
Degs. Fahr. ~ 

122 212 302 392 482 572 662 752 842 














Quenched and 
hardened ...0.25 0.27 0.30 0.33 0.34 0.41 0.47 0.46 0.43 


34. The drastic effect of temperature on the thermal conduc- 
tivity of the 2.50 per cent alloy of beryllium-copper is quite un- 
usual and interesting, says the report, as a means for studying 
structural changes in age-hardening alloys. No doubt the sharp 
increase in conductivity is related in some way to precipitation 
taking place within the alloy; but in view of the unusual nature 
of the tests, an attempt to interpret the results is not justified until 
more information is available. 


Hardness Values 
35. Some hardness tests of cast l-in. rods of two different 
beryllium-copper alloys have been made recently by the Martin 





® Data taken from “Beryllium-Copper Alloys,” E. K. Thews, Berlin, Germany. 
Canadian Chemistry and Metallurgy, March 1931. 
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Table 3 
Heat TREATING EFFECT ON HARDNESS* oF Two ALLOYS 


-—525 degs. Fahr—, -—575 degs. Fahr.—, 
Beryllium, Beryllium, Beryllium, Beryllium, 


Specimen. Time, hrs. 1.85% 2.35% 1.85% 2.35% 
A 1 112 312 107 269 
B72 B109 B67 B102 

B 1% 143 269 137 340 
B75 B106 B78 B112 

Cc 2 207 302 156 293 
B98 B107 B104 B110 

D 2% 241 302 302 375 
B100 B109 B107 B112 

E 3 269 351 302 302 
B102 Bill B107 B1l14 

* Figures for Rockwell hardness indicated by B; Brinell hardnesses have no 


indicating letter. 


Forge Co., Brooklyn, N. Y., which are of some interest. The two 
alloys contained 1.85 per cent and 2.35 per cent beryllium, respec- 
tively. They were heat treated in molten salts at 525 and 575 degs. 
Fahr., respectively, for various periods as indicated in Table 3, 
which gives details of the resulting hardness in Brinell and Rock- 
well numbers. 

36. These results, which are not conclusive but are indica- 
tive of the trend, show that at 525 degs. Fahr. the maximum hard- 
ness is reached at about the 3-hour heating period for both analyses. 
For the 575-degree heating period, the highest hardness seems to 
be reached at about the 214-hour heating period. Variations in the 
progressive increases in hardness may be due to alterations in 
structure. This phase of the entire subject merits careful study. 


High Wear-Resistance Properties 


37. Some authoritative preliminary tests of the wear-resist- 
ing qualities of cast beryllium-copper alloys have been made. While 
the tests are by no means exhaustive, they substantiate in a meas- 
ure the expectations which the precipitation hardening properties 
would warrant. 

38. The wear tests were made on an Amsler machine and 
conducted according to the latest approved practice. As a stand- 
ard for comparison, a 0.43 per cent carbon steel was used, oil 
quenched from 1600 degs. Fahr. and tempered at 1100 degs. Fahr. 
The resulting hardness was about C22 Rockwell. Cast disks of the 
alloy, containing 2.35 to 2.46 per cent beryllium, in six disks were 
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used. The tests were made to determine the effects of age or 
precipitation hardening on the wear-resistance properties of the 
alloys. 

39. The hardness of the unheated or ‘‘as cast’’ disks was 
B73.1 to B85 on the Rockwell machine. After heating to 1479 
degs. Fahr., holding for 14 hour, quenching in water, then heating 
to 600 degs. Fahr. and holding for 3 hours, followed by air cool- 
ing, the hardness of two specimens was Rockwell C41.3 and C43.3. 
Heating to 575 degs. Fahr. and holding for 24 hours, followed by 
normalizing, resulted in a lower hardness of C31.4 and C30.1. 

40. Results of tests indicated that the beryllium bronze as 
cast, with a Rockwell hardness of B85, lost 0.0084 grams per 
10,000 revolutions in the Amsler machine. The steel specimen had 
a wear loss of 0.0168 grams. After the 3-hour precipitation hard- 
ening treatment, the disk having a hardness of Rockwell C43.3 lost 
only 0.0003 grams, as compared with 0.0001 grams for the stand- 
ard steel. Specimens subjected to the 24-hour precipitation hard- 
ening treatment, which naturally had a lower Rockwell hardness, 
showed considerably larger loss from wear. 


APPLICATIONS 


41. The development of beryllium-copper castings is so com- 
paratively recent that applications for them have not been exten- 
sively explored. Doubtless, because of the many possible proper- 
ties which can be developed by judicious heat treatment, many 
uses will come to light as the industry develops. Several however, 
have been found which are of interest. A few of these are briefly 
discussed in the following paragraphs. 


Bearing Sleeves for Airplane Propellers. 


42. In the aviation field an extremely interesting application 
of a bearing sleeve of 2.50 per cent beryllium-copper casting has 
been approved and adopted. New adjustable pitch propellers for 
airplanes have been perfected and are now being introduced which 
promise to radically change flying methods and hazards. The bear- 
ing sleeve referred to is an essential factor, and it is stated that 
the composition referred to is the only one that assures success. 

43. As described by an authority, these adjustable pitch pro- 
pellers require an intermediate sleeve between the shaft and the 
blade in order to provide a satisfactory bearing base to take care 
of the relative motion between the two parts. No small amount of 
research was necessary to develop a nonferrous material sufficiently 
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hard as to carry the motion without sticking or scuffing. The 
problem was solved by the use of cast beryllium-copper. In the 
hardened condition, this alloy is extremely hard, providing at the 
same time a metal which possesses excellent bearing character- 
istics. 

44. These sleeve castings (Fig. 2) are made by the American 
Manganese Bronze Co. While the usual practice is to machine or 
process cast beryllium-copper in the annealed or quenched (soft) 
state, applying the hardening operation to the finished piece, study 
of the manufacturing process in this case has shown that it is 
cheaper and more satisfactory to complete the heat treatments 
first, doing all the machining after the final hardening heat. 





Fic. 2—Group oF BrerRYLLIUM-COPPER SLEEVE BEARING CASTINGS FOR USE IN 
VARIABLE PITCH AIRPLANE PROPELLERS. 


45. This fact seems to indicate that there is no difficulty, as 
a manufacturing process, in machining beryllium-copper in its fin- 
ished condition when having a Brinell hardness of about 400. This 
use of cast sleeves points to the possibility of important applica- 
tions for bearings where a hard, long-wearing nonferrous metal 
is desired. 


Racing Boat Propellers of Beryllium Castings. 

46. Another use of beryllium bronze, which has very recently 
been demonstrated, is for cast propellers of racing boats. <A 3- 
blade propeller of 2.5 per cent beryllium-copper, weighing about 
18 lbs., recently was cast by the Columbian Bronze Co., Freeport, 
N. Y. One reason for trying this was that it was possible to de- 
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crease the thickness 25 per cent from the manganese propeller 
which was displaced. There was no consequent loss in strength 
or rigidity. The propeller, after thorough tests, was found to in- 
crease the speed 2 seconds per half mile over any propeller pre- 
viously used. It is being installed in one of the Gold Cup racing 
boats. 

47. New Kink in Heat Treatment. A most interesting dis- 
covery was made in heat treating this propeller. Of course, to put 
it in its most efficient condition, it was necessary to give it the 
precipitation hardening treatment. When this had been done at 
575 degs. Fahr. for 3 hours, it was found to be distorted or out 
of pitch. Strenuous efforts, using hammer blows on lead or steel 
blocks, failed to restore the original pitch—the casting sprang 
back after each blow to its distorted condition, indicating not only 
the rigidity but also the resistance to impact and shock of this 
alloy. 

48. Experiments in heat treatment finally solved the diffi- 
culty. The propeller was put through a modified precipitation 
heat treatment. It was first heated to 500 degs. Fahr. for 1 hour 
and normalized; then this was repeated at 525 degs. Fahr. for 2 
hours. The result was a propeller normal in pitch and in prop- 
erties. This is believed to demonstrate the flexibility of the heat- 
treating practice when applied to this material. 





Cams of Beryllium Copper. 

49. It has been found that cams of beryllium bronze have 
some advantageous properties when installed in certain machines. 
A few of these have been cast having a diameter of 12 inches with 
a 7-in. face, and a large can manufacturer has been using them 
with success. It was found that in certain but not all of the large 
body machines, the cast iron cams were causing much trouble from 
wear and other causes. In the machine where the greatest trou- 
ble was experienced, two cams of 1.75 per cent beryllium-copper 
were substituted for the iron. The life of the latter cams had been 
very short, but in the new installation the cams have lasted over 
nine months and there has been no trouble in operating the 
machines. 

50. For gears and pinions, particularly worm gears, this 
alloy is claimed to be particularly suitable. Some gears have been 
installed on motor buses for a certain company, but data on the 
results are not yet available. It is expected, from the experience 
thus far, that they will prove efficient and satisfactory. 
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As a Corrosion-Resistant Material. 

51. In the field of corrosion resistance, several applications 
of fabricated beryllium-copper alloys indicate promising possibili- 
ties for castings in the petroleum industry. In two installations, 
handling extremely corrosive and abrasive sulphur compounds, the 
performance of the alloy is materially superior to any of the 
many alloys previously tried. 

52. Some other miscellaneous applications which are under 
way include worm driving gears for jaw riveting machines, chilled 
rifle bar nuts for rock drills, propeller hub cones for airplanes, 
and valve parts and centrifugal pump parts for line valves. 


General Applications. 


53. There is also available another beryllium master alloy 
of nickel and copper with which some interesting products are 
anticipated. One suggested application for this alloy is its intro- 
duction into nickel alloy castings such as Everbrite and monel 
metal. A large manufacturer of castings of these alloys states that 
there is a constant demand for a harder material of approximately 
these compositions. Experiments are under way to add beryllium 
to these castings to meet this and other properties. Also, from 
the deoxidizing standpoint, one maker of machinery has found that 
the use of beryllium as a deoxidizing agent in high-nickel castings 
has resulted in a decided improvement in the soundness and qual- 
ity of his castings. 

54. The whole field of beryllium alloy nonferrous castings 
has been hardly scratched. It is not improbable that small addi- 
tions of other alloys to the beryllium-copper castings may be neces- 
sary to overcome microstructural irregularities, to improve prop- 
erties, and to make them meet other conditions. 

55. In conclusion, it should be repeated that this presenta- 
tion of the subject is merely in the nature of a progress report 
of a new development from which much is expected as research 
metallurgists delve into its many possible phases, both explored 
and unexplored. 


DISCUSSION 


CHAIRMAN Sam Tour’: I might add a remark or two on the subject 
of beryllium as a deoxidizer. In paragraph 18 on page 334, the statement is 
made that standard practice is to add 0.01 to 0.02 per cent beryllium, 
either alone or, preferably, following standard deoxidizers sich as boronic 





1Lucius Pitkin, Inc., New York. 
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copper. I might add a note of warning that phosphorus, which is used 
commonly as a deoxidizer of copper, is harmful in beryllium-copper alloys. 
The presence of phosphorus tends to interfere with the precipitation 
hardening properties of beryllium and copper. Copper should not be 
deoxidized with phosphorus if beryllium is added to it. 

In addition to boronic copper for deoxidization, calcium, silicon, 
lithium, magnesium, or combinations of those elements can be used satis- 
factorily. 

C. S. Core’: Mr. Riley in presenting this paper said the modulus of 
elasticity was rather high. What was the order of the modulus? 

W. L. Ritey*: Eighteen to 18% million lbs. per sq. in. in a 24% per 
cent alloy. 

CHAIRMAN Tour: Mr. Riley, can you record anything on the diffi- 
culties encountered if you get beryllium contamination in lead and tin 
bronzes? 


W. L. Rutzy: We have not heard yet of any reaction on the appear- 
ance of beryllium in scrap metals. The casting of beryllium copper alloys 
has been confined to a comparatively limited number of foundries. In 
both the fabricated and the cast condition, there is a considerable amount 
of beryllium alloy in use now and eventually that problem will require 
solution. 

Some work has been done in the addition of small fractions of a per 
cent of beryllium to the 80-10-10 or the other series of bronzes. As far us 
the effect on the physical properties is concerned, nothing beneficial Has 
been found. As a matter of fact, there may be detrimental effects and, 
consequently, it possibly may be expected that the appearance of beryl- 
lium in scrap will be something to watch out for and to guard against. 
Beryllium, with its tremendous affinity for oxygen, which is the difficulty 
that held up the development of reduction processes so long, will tend to 
dispose of itself in very small fractions. 


Although the protection of beryllium from oxidation in the reduction 
process has been such a difficult matter, in foundry practice where there 
are suitable and capable metallurgical facilities and care is taken, it has 
not been difficult to learn the technique of beryllium-copper casting, with 
confinement of the loss to an extremely moderate amount of contained 
beryllium. 

T. C. Watts‘: We were asked to melt some copper for a local concern 
and to use some beryllium. We cast two bars one inch in diameter 
and 12 inches long. While I did not get the full reports, the customer's 
metallurgist told me that the conductivity was low. As I remember it, 
he said that the conductivity was approximately 7 per cent on the bar as 
east and after heat treating it increased slightly. He was disappointed 
in the alloy as a conductor. However, he said that he had a very high 
grade chisel. I think that it could be used on steel and iron, it was so 
hard. 





2 Copper and Brass Research Assn., New York. 
3 Beryllium Products Corp., New York. 
‘Falcon Bronze Co., Youngstown, Ohio. 
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CHAIRMAN Tour: Conductivity of copper is affected materially by 
very slight traces of iron. The average foundry practice of stirring 
copper with an iron bar is sufficient to introduce enough iron to com- 
pletely ruin the conductivity. If the conductivity was as low as 7 per 
cent, I hardly would say that it should be blamed on beryllium because 
the fact is that with as high as 1.5 to 2 per cent of beryllium, close to 20 
per cent conductivity is secured easily. 

T. C. Watts: I do not know about their method or where they got 
their conductivity values but we melted the copper in a new crucible, 
stirred it with a graphite rod, and it was handled under as _ nearly 
perfect conditions as possible. 

MEMBER: Foreign practice indicates great difficulty in re-using bery!l- 
lium-copper scrap due to the formation of blowholes in the castings. A 
number of European companies have discontinued the use of beryllium- 
copper for that reason. 

CHAIRMAN Tour: I think possibly that objection is slightly un- 
founded, based upon actual experience in this country insofar as re- 
melting beryllium-copper as such is concerned. There have been no 
particular difficulties in re-melting and reusing beryllium-copper alloys as 
beryllium-copper. I know of one case where a foundry making beryllium- 
copper castings mixed -beryllium-copper scrap in the form of gates and 
sprues with some bearing metals. It has given them trouble due to 
contamination in other types of alloys. However, there has been no 
particular difficulty in this country in the remelting of beryllium-copper 
scrap. 

W. L. Rivey: I think what Mr. Tour said would be borne out by 
reference to those companies using beryllium-copper in this country. 
Those foundries producing beryllium-copper castings regularly use their 
scrap. In using scrap, I think perhaps what Mr. Tour refers to, originates 
in the practice where foundries attempt to melt the scrap. The only way 
in which beryllium-copper scrap should be used it as an addition to al- 
ready melted copper, with sufficient of the master alloy to balance the 
percentage to whatever is desired in the final alloy. There are cases 
where attempts have been made to re-melt scrap direct. After the ma- 
terial had been in the bottom of the crucible for some time, the melter 
was surprised to find that it was still solid, due to the formation of such 
a perfect coating of beryllium oxide on the outside. While the interior 
may have been plastic or possibly molten, the scrap did not change its 
shape. It is bad practice to expose beryllium-copper scrap or the master 
alloy to the furnace temperature because of the oxidation of the beryl- 
lium. It can satisfactorily be used only as an additive. 








The Mechanism of Inverse 
»  * 
Segregation 
By OwEN W. Euuis,t Toronto, CANADA 
I—Introduction 


1. Our purpose is to discuss certain defects which are en- 
countered in bronze foundry alloys of the 89-11 type and, in par- 
ticular, such defects as apparently result from the presence within 
these alloys of gaseous or solid non-metallic elements or compounds. 

2. By way of introducing the subject for discussion, the au- 
thor will take the liberty of describing rather closely some of the 
chemical and physical characteristics of the alloys with which we 
are to deal, since this may promote the objects for which we are 
met—the free interchange of ideas on the deoxidation and degasi- 
fication of tin-bronzes. 

3. The alloys to be dealt with in our symposium are composed 
essentially of copper and tin, to which phosphorus, manganese, zine 
or other elements may be added for the purposes of deoxidizing 
the alloy only, or of improving its mechanical properties also, e. g., 
by adding one or more of these elements in amounts exceeding 
those required for purposes of deoxidation only. Dews,' for ex- 
ample, has shown that phosphorus up to about 0.05 per cent has 
little or no effect on the mechanical properties or structure of gov- 
ernment bronze or Admiralty gunmetal. The amount of tin in 
these alloys varies from about 8 to 12 per cent in good practice. 
It rarely, if ever, falls below or rises above these values. 

4. Some reference should be made to lead, which can be 
looked upon neither as a deoxidizer nor, for that matter, as an 


* An introduction to the Symposium on Deoxidation and Degasification of Bronze 
Foundry Alloys, held June 22, 1933, during the A.F.A. Annual Convention. ‘This 
material refers particularly to the third alloy group (Tin-Bronzes, 89-11 type), 
discussed at the symposium. Discussion will be found on page 377. 

+ Director of Metallurgical Research, Ontario Research Foundation. 

1 Journal, Institute of Metals, 1930, v. 44, p. 255. 
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element entirely deleterious in its action on these alloys. Rolfe’s 
investigations? and the discussion provoked by their publication 
appear to have proved definitely that lead in the usual amounts— 
not more, for example, than the 3 per cent sometimes added to 
improve machinability—has a distinctly beneficial effect on the 
mechanical properties of alloys of this type. Both paper and 
discussion made it clear, on the one hand, that the manufacture of 
gunmetal containing up to 3 per cent lead was unattended by diffi- 
culties exceeding those ordinarily encountered in bronze foundry 
practice, and, on the other hand, that both the tensile strength and 
the ductility of the alloy were improved by additions of lead up 
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Fig. 1—EQUILIBRIUM DIAGRAM OF THE COPPER-TIN SYSTEM. 


to 1.5 per cent; even the resistance of the alloy to impact (Stanton 
test) was unimpaired by the presence of as much as 1 per cent of 
the soft metal. 


II—Rapiw CooLine AND Its EFFECT ON THE DISTRIBUTION OF TIN 
IN 89-11 Bronze 


5. The equilibrium liquidus (see Fig. 1) of the 89-11 alloy 
of the copper-tin system, the alloy typical of those under discus- 
sion, is in the neighborhood of 1819 degs. Fahr. (993 degs. Cent.) ; 
the equilibrium solidus is close to 1539 degs. Fahr. (837 degs. 
Cent.) However, the rates of cooling ordinarily met with in the 
foundry are such that this alloy remains molten at temperatures 
well below the solidus—1539 degs. Fahr. (837 degs. Gent. )—which 


2 Journal, Institute of Metals, 1921, v. 26, p. 85. 
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the foundryman equipped with pyrometer can prove for himself 
by placing the hot junction of a couple in the gate or riser of a 
suitable casting. He will find that not until the metal has reached 
a temperature of between 1472 and 1418 degs. Fahr. (800 and 770 
degs. Cent.) will its solidification prevent the removal of the couple 
from the casting. 

6. Why is it, it may be asked, that an alloy such as this 
which, under conditions of equilibrium, becomes wholly solid at 
1539 degs. Fahr. (837 degs. Cent.) should remain partially liquid 
until a temperature somewhere between 1472 and 1418 degs. Fahr. 
(800 and 770 degs. Cent.) has been reached? The fundamental 
reason is that the alloy, when poured into molds of the dimensions 
usual in bronze foundry practice, cools at such a rate that primary 
erystallization is delayed until the metal in the mold has in many 
instances reached a temperature as low as 1679 degs. Fahr. (915 
degs. Cent.)—a point half way between the equilibrium liquidus 
and solidus. There is pyrometric evidence to support this view, 
which is further sustained by such studies as have been made of 
the microstructure of sand and chill castings of alloys of this type 
cooled at different rates. 


7. If spontaneous crystallization is delayed until a temperature 
of 1679 degs. Fahr. (915 degs. Cent.) has been reached, the erystal 
nuclei which first form in the melt at or near the surface of the 
mold will contain approximately 7 per cent tin. Upon these nuclei 
there will build up the peripheral dendrites normal to the mold 
surface, which are characteristic of all castings, whether sand or 
chill. The solid at the surfaces of these dendrites in immediate 
contact with the melt will at any given temperature coincide in 
composition with that denoted by the points on the equilibrium 
solidus (line ABCD, Fig. 1) corresponding with these tempera- 
tures. 


8. While some diffusion of tin within the growing peripheral 
dendrites is certain to occur, it would appear that the movement 
of tin inward from the surfaces of these crystallites is relatively 
slow at temperatures between 1679 and 1472 degs. Fahr. (915 and 
800 degs. Cent.), and that the nuclei are enriched but little in tin 
during their rapid cooling through this range. If no diffusion 
oceurred in the dendrites, their mean composition at any tempera- 
ture would be represented by a point on the line CF, midway be- 
tween the 7 per cent and 13.3 per cent ordinates of the equilibrium 
diagram. Were these conditions fulfilled (and, apparently, they 
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are not so very different from those fulfilled in small castings), the 
mean composition of the peripheral dendrites, on reaching the 
peritectic temperature of 1472 degs. Fahr. (800 degs. Cent.) would 
be in the neighborhood of 10 per cent tin, while the tin content of 
the melt would tend toward 29 per cent. Such few globules of melt 
as were so enmeshed in the interlacing branches of the peripheral 
dendrites as to be prevented from freely mixing with the body of 
liquid metal in the center of the casting might actually attain to 
this high content of tin. However, although the tin is likely to be 
more concentrated in the melt in the immediate neighborhood of 
the peripheral dendrites, the gradient of concentration in the melt 
at the center of the casting is likely to be low, that is, the differ- 
ence in the tin content of the melt at points fairly near to, and re- 
mote from, the dendrites is likely to be small. Nevertheless, the 
melt at the center of the casting may be considered as abnormally, 
even though slightly, enriched in tin.* 

9. This abnormal enrichment of the melt in tin might be 
expected to have an effect upon the composition of those nuclei 
which sooner or later will crystallize spontaneously and promiscu- 
ously throughout the melt in the body of the casting. Such 
crystallization will not necessarily be deferred until the peripheral 
dendrites have ceased to grow, and will rarely if ever be delayed 
until the melt in the immediate vicinity of the peripheral dendrites, 
or such as has been enmeshed in the branches of these crystallites, 
has solidified. Nor will the temperature at which it occurs coin- 
cide, of necessity, with that at which the peripheral nuclei formed, 
the chances being that the melt in the body of the casting will not 
be under-cooled to the degree that those portions of the melt which 
first make contact with the mold are under-cooled. Hence, al- 
though the abnormal enrichment of the melt in tin, due to the 
formation of the peripheral dendrites, might be expected to lead 
to the preciptation of nuclei richer in tin than those which precipi- 
tated at the periphery of the casting, because spontaneous crystalli- 
zation within the enriched melt occurs at higher temperatures than 
1679 degs. Fahr. (915 degs. Cent.), the effect of the enrichment of 
the melt on the composition of the internal nuclei will be set aside 
and these nuclei, when they form, will most probably contain less 


than 7 per cent tin. 


The normal enrichment of the melt is that which occurs when the rate of 
cooling is such that the dendrites, whether peripheral or internal, are uniform in 
composition throughout at every temperature during cooling and become completely 
solid at the solidus, i. e., the temperature at which the alloys of the system become 
completely solid under conditions of equilibrium. 
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10. If, for example, the spontaneous and promiscuous appear- 
ance of nuclei in the melt within the body of the casting were to 
oecur at 1760 degs. Fahr. (960 degs. Cent.), the tin content of the 
nuclei would be in the neighborhood of 5 per cent; and, were no 
diffusion to occur within the dendrites as they formed round these 
nuclei during cooling from 1760 degs. Fahr. (960 degs. Cent.) to 
the peritectic temperature of 1472 degs. Fahr. (800 degs. Cent.), 
the mean tin content of these internal dendrites on reaching this 
temperature would be in the neighborhood of 9 per cent—the melt 
in contact with the dendrites would contain, at the same tempera- 
ture, about 30 per cent tin. 

11. Since the rates of cooling of the central parts of the 
casting will almost inevitably be less than those of the outer por- 
tions, the chances are that, owing to some diffusion of tin from 
the surfaces of the dendrites toward the nuclei, the concentration 
gradient of tin in the internal dendrites will be less than that in 
the peripheral dendrites. The slower the rate of growth of the 
internal dendrites, the richer in tin (mean composition) they will 
be, and the poorer in tin will be the portions of the melt last to 
solidify. 

12. The tin enrichment of the melt in the central portions of 
the castings (due to the formation of the peripheral dendrites) 
would always express itself, of course, as an enrichment of the solid 
material at the inside of the casting, were it not that other 
factors occasionally enter into play which tend to raise the tin 
content of the outer parts of the casting (inverse segregation or 
liquation). These factors increase in importance as the rates of 
cooling of these alloys are increased, whether by the use of suitable 
pouring temperatures or by casting into chill molds. 


TII—INVERSE SEGREGATION 


13. One explanation* for inverse segregation or liquation is 
that the hydrostatic pressure exerted by the contracting shell of 
peripheral dendrites on the mushy interior of the casting leads to 
inter-dendritic extrusion through the weak walls of the casting of 
portions of the tin-rich melt, although it seems hard to believe that 
the coefficient of contraction of the solid shell could wnder any 
circumstances exceed that of the mushy interior and thus bring 
about the observed effect. That gases coming out of solution in 
the alloy during solidification may foree portions of tin-rich melt 


* Kiihnel, Zeit. Metallkunde, 1922, v. 14, p. 426; and others. 
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toward, if not through, the surface of the casting has been sug- 
gested by Genders,® whose interesting theory is discussed more 
fully in paragraphs 56 to 60, inclusive. 

14. Both the phenomenon of under-cooling*® and the Ludwig- 
Soret effect’ have been used in the attempt to explain the mechan- 
ism of inverse segregation. In the author’s opinion, however, the 
inter-dendritie flow theory of Bauer and Arndt® fits the facts most 
closely. This theory ‘‘suggests that between the growing crystals 
cavities are formed as a result of contraction, and that molten alloy 
from the interior flows toward the surface to fill these cavities, 
becoming more concentrated during its passage by the rejection of 
solid of low concentration from its boundary. The liquid arriving 
at the surface layer thus takes the form of inter-dendritic fillings 
of high concentration. An alloy in which the primary dendrites 
have a low velocity of axial growth is assumed to give normal segre- 
gation, since liquid cannot extend between the crystals, and where 
diffusion is rapid the liquid of high concentration is carried toward 
the central region.’’® In discussing this theory, Genders objects 
that: ‘‘The inter-dendritic channels along which the concentrated 
liquid must move are of very small cross-section and, although the 
viscosity of the liquid is probably low,’’ (see paragraph 43) ‘‘the 
effect of friction may be considerable, so that it is difficult to regard 
it as possible for the passage, during the short time occupied in 
solidification, of concentrated liquid in appreciable quantity to the 
outer-most layer.’’ This would be true, were it not that the liquid 
does not meander under the action of gravity toward the surfaces 
to fill the cavities formed as a result of contraction, but, given the 
requisite conditions, which the author describes below (in para- 
graphs 37 to 49, inclusive), is continuously forced into the cavities 
during the last stages of solidification. 


IV—TIN SWEAT 


15. As hinted above, the author has developed a theory which 
seems to account for the movement of tin-rich liquid to the peri- 
phery of rapidly cooled castings, but before dealing with this he 
would like to discuss one or two other points, beginning with an 
interesting photograph which illustrates Genders’ paper, and which 
has been reproduced here (Fig. 2). This photograph might well 


5 Journal, Institute of Metals, 1927, v. 37, p. 241. 

® Masing, Zeit. Metallkunde, 1922, v. 14, p. 204. 

7 Benedicks, Transactions A.I.M.E., 1925, v. 71, p. 595. 

8 Zeit. Metallkunde, 1921, v. 13, p. 559. 

® Genders, Journal, Institute of Metals, 1927, v. 37, p. 241. 
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be that of two gates which the author himself investigated shortly 
before the publication of Genders’ paper. However, whereas the 
gates shown in Genders’ photograph were the tops of vertical bars 
of phosphor-bronze (89-10-1 type), those in which the author was 
interested had been cut from sand-cast bearings of the 80-10-10 
type. 

16. Genders describes the globule which characterized the 
top of one of his phospher-bronze bars as ‘‘of high-tin alloy,’’ but 
gives no analysis. It probably contained at least 17 per cent tin. 
The exudation on the gate of the sand-cast bearing referred to 
above contained over 20 per cent tin, the lead content of the 





Fic. 2—A: Top or SAND-CAST BAR OF PHOSPHOR-BRONZE MELTED AND CAST 
NORMALLY. APPROXIMATELY ACTUAL Size. B: Top oF BaR FROM SAME MELT i 
AS A; Cast AFTER SOLIDIFICATION IN CRUCIBLE AND REMELTING IN ELECTRIC 
FURNACE. REDUCED APPROXIMATELY ONE-THIRD IN PRINTING. (R. GENDERS) 
button, however, being practically the same as that of the body of 
the casting. The button was extruded from the gate when the 
metal in its immediate vicinity was in process of solidification— 
at a temperature of about 1436 degs. Fahr. (780 degs. Cent.). 
Clamer’® has referred to similar exudations on the surface of 
phosphor bronze poured into open ingot molds: ‘‘An analysis of 
these nodules would indicate a tin content varying from 13 to as 
high as 22 per cent, whereas the body of the pig contains only 10 
per cent tin. The phosphorus content in these nodules might be 
increased from probably 0.6 or 0.7 in the pig up to as high as 3 
per cent in the nodules.’’” 
17. Neither Genders, Clamer nor Dews refers to the macro- 





20 Proceedings, A.I.M.E., Institute of Metals Div., 1927, p. 89. 
See also “The Metallurgy of Bronze,’ Dews. Sir Isaac Pitman & Sons, Ltd., 
1930, pp. 134-137, 








354 MECHANISM OF INVERSE SEGREGATION 


“— 





o—Sweor 





" = 
-n-igAeo 
tao «8 


‘SOUND METAL 


























Fic. ny OF POURING often, SHOWING yo HEAD. 

Top PourreD; Not OPEN TO AIR; GREEN SAND. ALLOY, TIN 6 PER CENT, 

LEAD 2 Per CENT, ZiINc 4 Per CenT, CoprpeR 88 PeR CENT. Bars 4 INCH 

DIAMETER, 10 INCH LONG. (BOLTON AND WIEGAND) 

structure of the castings characterized by these high-tin exudations. 
The author believes that a comparison of polished and, preferably, 
etched sections of these with others devoid of exudations would 
have revealed in the former, macroscopic porosity of the type so 
well deseribed by Bolton and Weigand,'* whereas the latter would 
have been relatively sound. Bolton and Weigand’s Fig. 11 is re- 
produced here as Fig. 3. The author believes that inverse segrega- 
tion is always coincident with pronounced incipient shrinkage, but 
that incipient shrinkage is not of necessity accompanied by inverse 
segregation. 

18. All these investigations support the view that the reaction 
between solid solution and melt which may be presumed to occur 
at the peritectic temperature under conditions of equilibrium, viz., 

a solid solution (13% Sn) + melt (26% Sn) 
= a solid solution (13% Sn) + £B solid solution (22.5% Sn) 
will rarely if ever occur under the usual conditions of foundry 
practice, and particularly in the case of chill castings and small 
castings. In brief, when on cooling from above 1832 degs. Fahr. 
(1000 degs. Cent.), 89-11 bronze approaches the peritectic tem- 
perature, it comprises solid (dendrites) containing from 9+ to 
10+ per cent of tin (mean composition of dendrites) and liquid 
containing from 29+ to 30+ per cent tin. The reaction between 
the solid and liquid phases at the peritectic temperature is so 
slight as to be almost negligible. Hence, the liquid transforms into 
B solid solution containing from 29 to 30 per cent tin and does 


122“Tncipient Shrinkage in Some Nonferrous Alloys,” Transactions A.I.M.E., 
Institute of Metals Div., 1929, p. 475. 
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not solidify completely until temperatures in the neighborhood of 
1382 degs. Fahr. (750 degs. Cent.) are reached. The 8 solid solu- 
tion changes into a ~’—8 complex at 1094 degs. Fahr. (590 degs. 
Cent.), into an a—8 complex at 968 degs. Fahr. (520 degs. Cent.), 
but undergoes no appreciable alteration in structure on cooling 
from 968 degs. Fahr. (520 degs. Cent.) to room temperature. 


V—Errect or Pouring TEMPERATURE AND RATE OF COOLING ON 
THE DeEnsiItTy OF 89-11 BronzE 


19. The density of the two constituents in this alloy is well 
worthy of consideration in this connection. There seems but little 
doubt that those portions of the alloy which are last to solidify 
the tin-rich portions which transform into the a—é complex— 
have a density" in the close vicinity of 8.92; experiment has shown 
that bronzes containing from 30 to 31 per cent tin have practically 
the same density (8.92), whether they be cast in sand or in chill. 
This need scarcely be a matter for surprise, seeing that the freez- 
ing range of these high-tin alloys is less than 36 degs. Fahr. (20 
degs. Cent.) and that there are few complexities in their process 
of solidification. 

20. In view of the fact that the a—é complex is of almost 
invariable density, any variations in the density of the 89-11 bronze 
must be due to one or other of a number of causes, of which the 
following are probably the most important: 

(a) The high-tin liquid, when it solidifies, shrinks 
away from the dendrites, leaving microscopic cavities 
(see paragraph 39)—such, for example, as have been 
described by Bolton and Weigand in their papers on 
‘‘Incipient Shrinkage in Some Nonferrous Alloys’’* 
and ‘‘Effect of Oxidation and Certain Impurities in 
Bronze.’”!® 

(b) True blowholes form in the castings, owing to 
the release of gases from solution. 

21. Now, of all the industrial alloys of the copper-tin system, 
the 89-11 is most subject to variations in density. Bailey,’® for 
example, found the density of 114-in. diameter bars (10.9% Sn, 
0.53% P) to vary from 7.61 to 8.31 as the pouring temperature 
was lowered from 2192 to 1850 degs. Fahr. (1200 to 1010 degs. 
Cent.): ‘‘ With descending casting temperature, the density rose 
sharply to 8.18 and then gradually to 8.31. The best all-around 


18 Heape, Journal, Institute of Metals, 1923, v. 29, p. 467. 

14 Transactions A.I.M.E., Institute of Metals Div., 1929, p. 475. 
4 Transactions, A.I.M.E., Institute of Metals Div., 1930, p. 368. 
16 Journal, Institute of Metals, 1923, v. 30, p. 401. 
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mechanical properties were obtained in the bar poured at 2102 
degs. Fahr. (1150 degs. Cent.), which had a density of 8.18. Tests 
made on a series of bars of lower phosphorus content (10.6% Sn, 
0.15% P) showed that the density rose only gradually to 8.20 in 
the bar cast at 2147 degs. Fahr. (1175 degs. Cent.) and then very 
gradually to 8.29 as the casting temperature fell to 1904 degs. 
Fahr. (1040 degs. Cent.) Casting at 1832 degs. Fahr. (1000 degs. 
Cent.) resulted in a sudden increase in density to 8.50. Mechani- 
cal properties showed a maximum in the bar cast at 2147 degs. 
Fahr. (1175 degs. Cent.) and fell off quickly and uniformly as the 
casting temperature fell to 1904 degs. Fahr. (1040 degs. Cent.). 
In the bar cast at 1832 degs. Fahr. (1000 degs. Cent.) a sharp 
improvement in all properties was again found.’’ 


22. <As a result of his investigations, Bailey concluded that 
(a) the slower the rate of cooling of a casting of this alloy, the 
lower is its density, (b) a considerable rise in density follows very 
rapid cooling, whether brought about by casting very thin bars 
or by pouring at a low temperature, and (c) very high density is 
also obtained by allowing the alloy to solidify in the pot. 


23. Carpenter and Elam*’ have suggested that ‘‘there are two 
distinct varieties of unsoundness’’ in government bronze or Ad- 
miralty gunmetal (88-10-2). In the first place, ‘‘when the metal 
is poured too hot . . . the metal actually rises in the mold . . . due 
to the formation of blowholes.’’ In the second place, ‘‘when 
poured too cold ... the surface sinks. Between the two extremes 
there is a temperature range in which sound castings are obtained, 
the surfaces of which are flat. When poured too hot, the metal is 
always unsound. The lower limit of unsoundness is not so well 
fixed, the casting generally showing holes, but not always.’’ Con- 
firmation of these findings has been given by Bolton and Weigand" 
although their interpretation of the behavior of the alloy during 
cooling does not agree with that of Carpenter and Elam. It is 
natural to assume, however, that metal which ‘‘actually rises in the 
mold’’ should be of low density, and to this extent, therefore, 
Carpenter and Elam’s observations confirm Bailey’s conclusions 
regarding the effect of high pouring temperature on density. 


24. As to the causes of blowholes: ‘‘their presence in gun- 
metal may be due either to slight dampness in the mold when 
the metal is cast into it, or the gases which form these holes may 





17 Journal, Institute of Metals, 1918, v. 19, p. 155. 
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be actually dissolved in the metal when it is cast. ... A micro- 
scopical examination is the surest way of ascertaining the cause 
of blowholes. If these are clean and confined to the outer por- 
tions of the castings, they are certain to be due to the steam 
formed within the mold, in which case a simple remelting brings 
the metal right. . . . More often the pin holes in castings appear 
dirty under the microscope, and on polishing, some brittle mate- 
rial is rubbed out, causing serious scratching of the surface. This 
is due to segregations of included oxides, either of tin or copper, 
which the small percentage of zine has not been able to remove. 
Under these conditions remelting is of no avail unless with the 
aid of some deoxidizing agent such as phosphor-tin or phosphor- 
copper.’’?® 

25. The question of the internal appearance of blowholes in 
gunmetal has also been referred to by Parker:'® ‘‘ While it is true 
that these were most frequently bright and free from colored oxide 
films, yet in actual castings they were somewhat tinged. It de- 
pended on whether air had gained access to them while still hot. 
This it sometimes did, owing to the presence of very fine inter- 
erystaliine cracks produced by shrinkage phenomena.”’ 


VI—Wuat Causes Porosity 1n 89-11 BronzE? 


26. It is open to considerable question, of course, whether 
the low density of all bronze castings poured at high temperatures 
ean invariably be assigned to blowholes. Jenkin,”° in discussing 
a paper by Rowe”! on the influence of mass and casting tempera- 
ture on the physical properties of an alloy containing 87.54 per 
cent copper, 10.61 tin and 1.88 zine, remarked: ‘‘that poor re- 
sults’’ (7. e., of mechanical tests) ‘‘might be due to the presence 
of shrinkage cavities when the metal was poured at too high a 
temperature,’’ and illustrated his point by photomicrographs of 
samples cut from castings of government bronze poured at 2462 
degs. Fahr. (1350 degs. Cent.) This photomicrograph (Fig. 4) 
serves to confirm opinions which have been expressed by many 
versed in the art, that porosity in bronze castings poured at high 
temperatures is not always due to the occlusion of gas in the melt. 

27. To sum up, while blowholes due to steam and, more 
rarely, to dissolved gases occur in bronze castings of the 89-11 





1% Primrose, Journal, Institute of Metals, 1910, v. 4, p. 248. 

1° Parker’s discussion of Carpenter and Elam’s paper in Journal, Institute of 
Metals, 1918, v. 19, p. 155. 

20 Journal, Institute of Metals, 1924, v. 32, p. 332. 

21 Journal, Institute of Metals, 1924, v. 32, p. 327. 
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Fig. 4—ADMIRALTY GUNMETAL SAND-CAST AT 2462 Decs. Faur. (1350 Dees. 
CENT.), SHOWING SHRINKAGE CAVITIES. X50. (J. W. JENKIN) 


type, it is essential that they be distinguished from internal por- 
osity of the type to which Jenkin referred, and which ‘‘surely is 
traceable to general incipient shrinkage,’’ to use the term sug- 
gested by Bolton and Weigand in their earlier paper. ‘‘Shrinkage 
fissures and cavities are far too frequently confused with true 
‘blowholes’ (gas holes) .’’”? 


VII—Errect or Pourtne TEMPERATURE AND CooLING RATE ON 
HARDNESS OF 89-11 BrRoNzE. 

28. The increase in density which results from pouring 
bronzes of this type at decreasing temperatures seems to reflect it- 
self in the results of hardness tests. It cannot yet be said that 
hardness and density go hand in hand, although Bailey’s tests re- 
ferred to in part above, and the results of Rowe’s work** and of 
Dews”* experiments, all tend to support this proposition. Rowe 
found the Brinell hardness numbers at the centers of \%-in., 1-in. 
and 2-in. square bars of government bronze to increase uniformly 
as the pouring temperature was depressed—from 2192 to 2012 
degs. Fahr. (1200 to 1100 degs. Cent.)—and to vary inversely as 
the size of the bars. He further observed that the hardness at the 
centers of the 2-in. square bars was decidedly less than at the 
sides, the difference in hardness between the centers and the 
sides of the bars becoming less as the pouring temperature de- 


“Parker’s discussion of Carpenter and Elam’s paper in Journal, Institute of 
Metals, 1918, v. 19, p. 155. 

% Journal, Institute 34 * ae. 1924, v. 32, p. 327; also Journal, Institute of 
Metals, 1924, v. 31, p. 

% Journal, Institute - Metale, 1930, v. 44, p. 255. 
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creased. The hardness at the sides of the bars was not so much 
affected by pouring temperature as that at the centers of the 
bars, save in the case of the bar poured at 2192 degs. Fahr. (1200 
degs. Cent.), which, however, was only very slightly less in hard- 
ness at the sides than those poured at 2102 and 2012 degs. Fahr. 
(1150 and 1100 degs. Cent.), respectively. 

29. It is worthy of note that Izod test pieces cut from the 
centers of the 1l-in. bars were more resistant to impact than were 
similar pieces cut from the centers of 14-in. bars; and further, that 
Izod test pieces cut from the centers of the 2-in. bars were less 
resistant to impact than were pieces cut from the outsides of the 
same bars. A comparison (Table 1) of the samples cut from the 
l-in. square bars with those cut from the outsides of the 2-in. 


Table 1 
Casting 
Temperature. 
degs. degs. Brinell Izod No., 
Cent. Fahr. Hardness. ft.-lbs. 
ee 1200 2192 57 11 
2-in. square bar (outside) ...1200 2192 66 11* 
eg eee 1150 2102 61 10 
2-in. square bar (outside) ...1150 2102 6914 12* 
pe Ae Seer 1100 2012 65 10 
2-in. square bar (outside) ...1100 2012 69 16* 
* Mean of two test results. 
Table 2 
Casting 
Temperature. 
degs. degs. Brinell Izod No., 
Cent. Fahr. Hardness. ft.-lbs. 
¥%-in. square bar............ 1200 2192 61 5 
2-in. square bar (center) ....1200 2192 49 3 
14-in. square bar............ 1150 2102 69 6 
2-in. square bar (center)....1150 2102 53 6 
%-in. square bar............ 1100 2012 80 6 
2-in. square bar (center)....1100 2012 56 4 


square bars shows them to be much the same, the results on the 
whole favoring the 2-in. bars. 

30. A comparison of the hardness and impact values of the 
samples cut from the 1%-in. square bars with those of the sam- 
ples cut from the centers of the 2-in. square bars shows that, while 
the impact values are much the same in both cases, the 14-in. bars 
in this case being favored, the hardness values of the 14-in. bars 
are distinctly higher than those of the 2-in. bars, as is shown in 
Table 2. 
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31. These results are most enlightening. To the author it 
seems clear that in the case of the 14-in. bars the coincidence of 
relatively high hardness and low impact number indicates rela- 
tively high density and the presence of the a—8 complex. The 
complex has contributed to the hardness of the material but, at 
the same time, has rendered it brittle. On the other hand, the 
coincidence of relatively low hardness and low Izod number in 
the samples cut from the centers of the 2-in. bars indicates rela- 
tively low density, and possibly a deficiency of the a—é com- 
plex. The low resistance to impact is due in this case to the 
weakness of the structure and not to the brittleness of the a—é 
complex. 

32. If the author’s interpretation of these valuable results 
is correct, the question arises: Why the relatively low density at 
the center of large castings? 


VIII—Errect or Pourtnc TEMPERATURE AND CooLING RATE ON 
MICROSTRUCTURE OF 89-11 BRONZE 


33. Here it is that the microscope may prove of use. Thirty- 
three years have passed since Longmuir®® disclosed the important 
effect of pouring temperature on the microstructure of alloys of 
the type now under discussion. At a later date, Primrose” 
showed that: ‘‘With gunmetal castings the temperature of pour- 
ing has a great influence on the strength of finished castings. The 
chief causes for the differences which exist in the quality of the 
metal are the different rates of cooling and freezing. In the case 
of the pouring at high temperature, just before freezing com- 
mences the sand of the mold becomes slightly heated and so the 
freezing of the metal is slower than when the metal is not so hot 
at first; hence, the crystals have time to grow and form a good 
strong interlocking structure.’’ The importance of this ‘‘inter- 
locking design with uniformly intermixed primary crystallites and 
interspacial eutectoid’’ was emphasized again by Primrose*’ in 
1913, although his opinion that such a structure would prevent 
porosity apparently underwent slight modification during the 
three years that elapsed between his two papers. During this 
period he seems to have found that, even when the interiocking 

*% Longmuir, “Brasses and Bronzes,” Sheffield Soc. of Engineers and Metallurg- 


ists, March, 1900; also, Longmuir, “On the Influence of Varying Casting Tempera- 
Sg the Properties of Alloys,” Journal, Iron and Steel Institute, 1903, v. 63, 
Dp. , 

2% Journal, Institute of Metals, 1910, v. 4, p. 248. 

7 Journal, Institute of Metals, 1913, v. 9, p. 158. 








OwEN W. ELLIS 361 


structure was obtained, the metal as cast might fail under water 
pressure, owing to the fluid sweating ‘‘through the miscroscopical 
pores formed between the two constituents. These constituents are 
of widely different chemical composition, and possess different co- 
efficients of contraction.’’ 


34. Primrose, in his 1913 paper, described a method whereby 
the porosity of gunmetal might be removed, namely, by annealing 
the material for 30 minutes at 1292 degs. Fahr. (700 degs. Cent.) ; 
but this treatment has been stated by some authorities to be de- 
pendent for its success, not on the structural change which Prim- 
rose found was produced in the alloy by heat treatment, but to 
superficial oxidation of the casting, which has the effect of pre- 
venting the seepage of water through the surface of the metal 
when under test. If the oxidized surface is machined away, the 
original troubles due to porosity reappear. It may be remarked 
that heat treatment at 1112 to 1292 degs. Fahr. (600 to 700 degs. 
Cent.), although it may not eliminate porosity, has the undoubted 
effect of improving the mechanical properties of the alloy.** 


35. Returning to the discussion of miscrostructure, Bailey 
found that ‘‘bars (both sand and chill) giving the best tests 
showed structures consisting of small isolated areas of eutectoid 
(«,8 and Cu,P) in a ground mass of a.’’ This description of 
the ideal structure for bronze of this type is really the converse of 
that given by Primrose.”® 


36. The ideal structure is obtained by the use of a high pour- 
ing temperature, the areas of eutectoid becoming larger and more 
connected as the pouring temperature is depressed. The coalescence 
of the eutectoid, which results from the use of low pouring tem- 
peratures, has a deleterious effect on the mechanical properties, as 
might of course be expected. However, Bailey found that by an- 
nealing for one hour at 1112 degs. Fahr. (600 degs. Cent.) bars 
which as cast contained their eutectoid in a continuous nétwork, 
solution of much eutectoid resulted and the mechanical properties 
of the material were found to conform with those obtained in bars 
cast at more suitable temperatures. As Bailey points out: ‘‘This 
is not only of considerable practicable value in itself but confirms 
the . . . suggestions that faulty distribution of eutectoid is the 
sole cause of the weakness of material cast at low temperatures.’’ 





2»>Compare Bailey, Journal, Institute of Metals, 1923, v. 30, p. 401; see also 
paragraph 36 herein. 
* Journal, Institute of Metals, 1913, v. 9, p. 158. 
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IX—MECcCHANISM OF INVERSE SEGREGATION AND OF THE FORMATION 
OF SHRINKAGE CAVITIES. 


37. One is naturally led to inquire how the various phe- 
nomena described above can be rationally explained in terms of 
the behavior of a cooling casting. To start with, it may be well 
to emphasize the importance in this connection of a temperature 
gradient within a cooling casting. If the alloy, subsequent to its 
being poured into an open mold, were to remain uniform in tem- 
perature throughout at all stages during cooling, crystallization 
would start promiscuously throughout the entire melt and freezing 
would proceed in such a way as to produce a solid mass 
of the geometrical form of the mold, having a fiat surface and a 
volume less than that of the molten alloy by an amount approxi- 
mately equivalent to the volume contraction of the alloy on cooling 
from the pouring temperature to room temperature. 


38. The effect of the mold, however, is to extract heat from 
the alloy at the mold-melt interface and to set up a temperature 
gradient within the melt. If the rate of transfer of heat across 
the mold-melt interface is low, the temperature gradient produced 
in the melt will be small. Given these conditions, crystallization 
will start at the mold-melt interface and will proceed inward, the 
solidifying alloy forming a container growing in thickness at the 
surface where solid and liquid make contact. Since the level of 
the liquid in this container falls slowly, due to the volume con- 
traction of the alloy on freezing, the casting produced will be 
characterized by a conical pipe. Such portions of the alloy as are 
last to freeze will be concentrated in the body of the casting just 
below the pipe. 


39. As the rate of heat transfer across the mold-melt inter- 
face rises, the temperature gradient within the melt and the tend- 
eney for peripheral dendrites to grow normally to the surface of 
the mold increase. The peripheral dendrites may continue to grow 
until they meet at the center of the mold. On the other hand 
spontaneous crystallization may oceur throughout the melt in the 
central parts of the mold before the peripheral dendrites meet, in 
which case the shell formed by the latter may be looked upon as a 
mold in which the melt is freezing under conditions conducive to 
the formation of a pipe. 


40. When the rate of transfer of heat across the mold-melt 
interface is sufficiently high, a skull may form over the top of the 
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casting, which may or may not effectively seal the interior of the 
casting from the air. 


41. The conditions contributing to the production of high 
temperature gradients within the melt in a mold are such as lead 
to under-cooling and to the formation of small dendrites, both at 
the periphery and at the center of the melt. Given these condi- 
tions, the alloy in the mold, during the last stages of freezing may 
be imagined as filled with dendrites of which the limbs, branches, 
twigs and stems have already begun to interfere with one another, 
so that a system of capillaries, extending from the center to the 
skin of the casting and filled with tin-rich liquid, is formed. At 
any given time during the cooling of the casting the peripheral 
capillaries will be smaller than those near the center—on the one 
hand, because under-cooling is greater near the surface than at 
the center; on the other hand, because, generally speaking, the 
dendrites near the surface will be more developed than those near 
the center. Hence, just as the arteries and veins in the human 
body become smaller and smaller, the greater their distance from 
the heart, so the capillaries in freezing castings of alloys of this 
type become smaller and smaller, the greater their distance from 
the hottest parts of the castings. 


42. The capillaries in such a system as this must not be 
imagined as tubes decreasing uniformly in diameter from the 
center to the outside of the casting, but as irregularly shaped, inter- 
connected passages which lessen in peripheral dimensions, the 
nearer they are to the surface. 


43. The peripheral dimensions of these capillaries might be 
expected to exert a considerable influence upon the movement of 
liquid through the system. Viscosity does, of course, play a part 
in retarding the movement of the tin-rich liquid through the sys- 
tem, but the fact that inverse segregation is the more pronounced, 
the greater the temperature gradient (7. e., the finer the capil- 
laries), seems to discountenance the idea that the viscosity of the 
tin-rich liquid is of real importance in this connection. 


44. The tin-rich melt which fills this capillary system will 
tend to solidify first at the ends of the capillaries. However, the 
solidification of the melt at the ends of the capillaries would result 
in the formation of numerous. small contraction cavities were it 
not that the production of these would involve the expenditure of 
an amount of surface energy considerably greater than that which 
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would be involved in the production of a single large cavity of 
similar volume elsewhere in the capillary system. 

45. Since the surface energy per unit volume involved in the 
production of a single large cavity in the larger capillaries is less 
than that involved in the production of a number of cavities in the 
peripheral capillaries, the tin-rich liquid will solidify in the latter 
without the formation of contraction cavities, liquid meanwhile 
moving forward through the capillaries to make up for the change 
in volume resulting from the change in state. 

46. Further, since the surface energy per unit volume in- 
volved in the formation of a cavity of given volume becomes less 
as the temperature rises, it is natural that such a cavity should 
form in the capillary system where the temperature is greatest, 
that is, at the center of the casting. The temperature gradient 
within the casting itself assists, then, in determining that the con- 
traction cavities shall form in the body of the metal. 

47. Another force tending to keep the peripheral capillaries 
filled with tin-rich liquid is that due to the difference in vapor 
pressure between the melt at the central and outer portions of the 
casting. Owing to its lower temperature, the vapor pressure of 
the tin-rich liquid in a cavity at the extremities of the capillaries 
would at all times be less than that of the liquid in a cavity in the 
body of the casting. This would be true whether the liquid in the 
body of the casting were open to the air (that is, were at atmos- 
pherie pressure), or whether the capillary system could be consid- 
ered closed. Hence, the least tendency for the volume to change 
at the extremities of the capillaries (due, for example, to solidi- 
fication of tin-rich liquid) would be immediately compensated for 
by the forward movement of the liquid in these capillaries under 
the vapor-pressure difference referred to above. 

48. A eapillary system filled with tin-rich liquid, such as 
has been described above, can be produced only when the temper- 
ature gradient within the cooling metal is very high, and when 
undercooling is pronounced (see discussion under Section IT). 
The less the underecooling of the alloy, the larger will be the den- 
drites and the wider the capillaries; the less the temperature 
gradient in the cooling melt, the shorter will be the peripheral 
dendrites and the more uniform the peripheral dimensions of the 
capillaries throughout the casting. In a capillary system uniform 
in temperature and in peripheral dimensions, the chance that a 
contraction cavity will form in one part of the system—at, say, 
the extremities of the capillaries—will be just as great as the 
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chance that it will form in another, since the energy involved in 
the formation of either will be nearly if not quite the same, and 
. the difference in the vapor pressure of the melt at different parts 
of the casting will be almost negligible. 


49. It is suggested, therefore, that the phenomenon of in- 
verse segregation is occasioned by the tendency for such contrac- 
tion cavities as form in a rapidly cooling casting, in which a high 
temperature gradient exists, to do so in those portions of the 
capillary system where the least surface energy is required for 
their formation. The fact that the vapor pressure of the melt at 
the ends of the capillaries is always less than that at the center 
of the system, decreases the likelihood of the formation of con- 
traction cavities in its more constricted portions. The result will 
be that the tin-rich liquid in the system will become concentrated 
in the peripheral capillaries, while the central capillaries become 
filled with contraction cavities. 


X.—EFFEcT OF METALLIC AND Non-METALLIC ELEMENTS AND CoM- 
POUNDS ON THE MECHANISM OF INVERSE SEGREGATION 


50. Alterations in the composition of the tin-rich liquid due 
to changes in the composition of the alloy will undoubtedly modify 
the behavior of the tin-rich liquid during the last stages of solidi- 
fication. Hence, an alloy which, when cast under closely specified 
conditions, gives evidence of inverse segregation subsequent to 
solidification, may, when but slightly altered in composition by 
the addition of elements such as phosphorus, manganese or zinc, 
become quite normal in its behavior under the same conditions of 
casting. 

51. The change in habit brought about by change in compo- 
sition may be due to a number of causes, as, for example: 

(a) The added element may change the temper- 
ature of primary solidification of the alloy, thus mod- 
ifying the size of the dendrites and altering the ratio 
of their surface to their volume. 

(b) The added element may alter the diffusivity 
of the alloy, thus modifying the temperature gradient 
of the melt within the mold. 

(ce) The added element may raise or lower the 
surface tension, or temperature coefficient of surface 
tension, of the tin-rich liquid. 

(d) The added element may change the vapor 
pressure, or temperature coefficient of vapor pressure, 
of the tin-rich liquid. 
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52. The presence of solid, non-metallic impurities (for ex- 
ample, oxides and sulphides of the metals) in a casting is bound 
to affect the behavior of the tin-rich liquid during the last stages. 
of solidification. Such impurities will tend to become concen- 
trated in the capillaries and thus to interfere with the free flow 
of liquid through them. Anything tending to prevent the free flow 
of the melt in the body of the casting will, of course, lessen the 
tendeney for inverse segregation to occur. Unless an ample supply 
of liquid is available during the process of solidification, which 
commences at the extremities of the capillaries, inverse segrega- 
tion will be prevented. 


53. <As to the effects of dissolved gases on the behavior of 
alloys of the 89-11 type, it may be well first to refer to the work 
of Gayler*® on the relationship between macrostructure, micro- 
structure and pouring temperature in some nonferrous alloys. In 
this paper Gayler confirmed what is known to be true of bronze, 
namely, that the higher the temperature from which the alloy is 
east, the coarser becomes the macrostructure and, to a lesser de- 
gree, the finer the microstructure.** In the second place, she 
showed that, provided the casting temperature is low, the macro- 
structure and microstructure of an alloy do not seem to be affected 
by various gases. However, when the casting temperature is 
raised, the atmosphere;to which the molten metal is exposed has 
a very marked effect on the macrostructure, together with a small 
effect on the microstructure. Hydrogen in particular, she found. 
caused the formation of a fine macrostructure in contrast with that 
obtained on casting under normal conditions. 


54. Gayler’s experiments were conducted on a copper-alu- 
minum alloy containing 7 per cent copper. They proved, among 
other things, that after this alloy had been freed from gas by 
the nitrogen process and then melted in vacuum, it still showed 
inverse segregation. In reply to the discussion of her paper. 
Gayler sums up the results of these experiments in the following 
sentence: ‘‘Rapid cooling appears, therefore, to increase inverse 
segregation in the absence of gas; but when gases are present, 
the resulting effect of rapid cooling may or may not cause an 
inerease in the segregation of the copper content.’’ 


55. It appears from Gayler’s work that, when the casting 
30 Journal, Institute of Metals, 1930, v. 44, p. 97. 
31 Papers by Rowe, Journal, Institute of Metals, 1924, v. 32, p. 73; and by 
Howard, Foundry Trade Journal, 1933, v. 48, p. 317. 
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temperature is raised, the gas to which the molten metal is ex- 
posed has a very marked effect on the macrostructure, together 
with a smaller effect on the microstructure. As suggested above, 
anything which modifies the size of the dendrites or alters their 
surface-volume ratio is bound to have an effect on the behavior 
of the tin-rich liquid in the capillary system which is produced in 
the casting during the last stages of solidification. If, for ex- 
ample, hydrogen has the effect of reducing the size of the ecapil- 
laries in the system, the phenomenon of inverse segregation will 
be more marked than it would have been had hydrogen been ab- 
sent. 


XI—CoMMENTS OF THE EFFECTS OF OCCLUDED GASES ON INVERSE 
SEGREGATION 


56. Gases, although they may have no effect on the macro- 
structure and microstructure of the alloys in which they are oc- 
cluded, may have an important influence on the behavior of the 
tin-rich liquid which fills the capillary system during the last 
stages of freezing. 

57. The author finds it difficult to accept Genders’ theory of 
the role of gases in producing inverse segregation, believing as he 
does that they play a secondary part only. It may be well to 
note that the natural place for gases first to evolve on cooling is 
in those parts of a casting which are first to freeze. If it be ad- 
mitted that the capillary system visualized by the author exists in 
bronze and other alloy castings during the last stages of freezing, 
and that, in most eases, solidification of the tin-rich liquid occurs 
first in the peripheral capillaries of the system, why do not the 
gases concentrated in the tin-rich liquid come out of solution in 
the peripheral capillaries and by their expansion force the still- 
liquid tin-rich material toward the center of the casting? Such a 
process would have the effect of distributing the tin-rich liquid 
more or less uniformly throughout the capillary system and of pre- 
venting liquation. It may be that this is the course of events under 
certain conditions of cooling, but such a course of events would 
not produce the effects that we are trying to explain. 

58. It seems more probable that liquation occurs when the 
gases occluded in the alloy become concentrated in the tin-rich 
liquid and do not come out of solution until the central parts of the 
casting are in process of solidification—with formation of con- 
traction cavities. Now, if the difference in solubility of oe- 
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‘eluded gases in the liquid and solid tin-rich material is sufficiently 
great, these gases on coming out of solution may have an important 
influence on the behavior of such tin-rich liquid as occupies the 
capillaries of which the extremities are still unsealed by solidified 
material. If, for example, those portions of the capillary system 
which extend into the gates or risers of the casting are still filled 
to their extremities with tin-rich liquid, this liquid will be forced 
through these capillaries with the formation of the characteristic 
‘‘button’’ of high tin content, of which a typical example has 
been shown in Fig. 2. In some cases the violence of the ejection 
of liquid from these capillaries may result in a veritable shower 
of metal, such as is sometimes seen above those parts of ingots and 
castings of certain metals as are open to the air. 


59. The rates of cooling and degrees of under-cooling in dif- 
ferent parts of a casting may in some instances be such that the 
solidification of tin-rich liquid, the formation of contraction cavi- 
ties, and the evolution of occluded gas may start almost conecur- 
rently at the center of the casting, while the outer portions of 
the capillary system are still completely filled with tin-rich liquid. 
This case differs from that discussed in paragraphs 44 to 46, where 
solidication was presumed to have started at the ends of the capil- 
laries, so that the capillary system was closed, that is, sealed from 
the atmosphere. In this case, the gas evolved at the center of the 
casting might exert pressure on the tin-rich liquid occupying the 
capillary system and, by pressing it out of the system, lead to the 
production of a skin on the casting of exceptionally high tin con- 
tent, as is occasionally observed in practice. This is possibly the 
mechanism which leads to the formation of a skin of lead in bronzes 
containing this element. 


60. The essential point to be borne in mind, however, is that 
in all instances where gases play a part in the movement of tin- 
rich liquid through the capillary system, their action is subsidiary 
to those of surface energy and vapor-pressure difference. The 
evolution of gases, the author believes, is always preceded by the 
solidification of tin-rich liquid in some portion of the capillary 
system, and such gas as is evolved can be effective in moving tin- 
rich liquid through the system only if the extremities of the ca- 
pillaries at any part of the casting are still ‘unsealed by solid 
material. 
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XII—Conc.Lusion 


61. The author hopes that the suggestions put forward in 
this paper may be of some value to those taking part in the dis- 
cussion, and that the theory, when applied to practice, may lead 
to its improvement. Only by applying a theory to practice can its 
value be demonstrated. In conclusion, the author desires to ex- 
press his appreciation of the assistance given him by Dr. J. N. 
Goodier of the Ontario Research Foundation, whose helpful dis- 
cussion and criticism of the various points raised and suggested 
by the author have been of the utmost value in preparation of 
this paper. 


(For discussion of this paper see page 377) 











Symposium on Deoxidation and 
Degasification of Bronze 


Foundry Alloys 


The Symposium on Deoxidation and Degasification of Bronze 
Foundry Alloys was held at the Convention of the American 
Foundrymen’s Association on June 22. T. E. Kihlgren, Inter- 
national Nickel Co., Bayonne, N. J., acted as Chairman and Dr. 
C. H. Lorig, Battelle Memorial Institute, Columbus, O., as Vice 
Chairman. The meeting was conducted as an informal discussion 
group. The subject was divided into the three following types of 
alloys: 

Alloy Group 1: Valve Bronzes, 85-5-5-5 type; discussion led 
by John W. Bolton, The Lukenheimer Co., Cincinnati. 

Alloy Group 2: Tin Bronzes, 88-11 type; discussion led by 
O. W. Ellis, Ontario Research Foundation, Toronto, Canada. Mr. 
Ellis read a paper on ‘‘Mechanism of Inverse Segregation,’’ pre- 
sented on pp. 347 to 369 inclusive. 

Alloy Group 3: Leaded Bearing Bronzes, 80-10-10 type; 
discussion led by G. H. Clamer, Ajax Metal Co., Philadelphia. 


VALVE BRONZES—85-5-5-5 TYPE 


J. W. Botton: The term deoxidation and degasification is 
a broad one. In the past, the term deoxidation was used to cover 
the causes of difficulties which result in leaky castings. After 
testing, such castings usually show discolored fractures. The 
microscope indicates that there is a discontinuity between the grain 
boundaries that explains the inability of the castings to withstand 
pressure. 

For many years, deoxidizers have been used to overcome these 
and kindred troubles. If we go back a few years, all troubles in 
bronze castings apparently were laid to improper deoxidation. 
Remedies and nostrums advocated were without number. 

Recently, I have re-read H. C. Dews’ book, ‘‘ Metallurgy of 
Bronze,’’ in which he describes in detail the founding and crys- 
tallization characteristics of Admiralty metal, the familiar 88-10-2 
zine alloy. The British lay tremendous stress on pouring tem- 


Note: This symposium was held as a part of the Nonferrous Division program 
at the 1933 Convention of the American Foundrymen’s Association. 
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peratures. If you will read the book and analyze it carefully, 
you will find that over a certain narrow range of pouring tem- 
perature, under any reasonable conditions of foundry melting 
practice, a fairly sound alloy can be produced. The object is to 
get the temperature just high enough to pour the metal and yet 
low enough so that when poured into the mold the freezing rate 
will be so rapid that the possibility of gas rejection is prevented 
by quick cooling through a critical range. 

Formerly, most nonferrous foundrymen felt that the main- 
tenance of a reducing atmosphere was the best furnace practice. 
Today, they are emphasizing neutral atmospheres without defining 
them. One definition is that a neutral atmosphere does not con- 
tain excess carbon monoxide, hydrogen, hydrocarbons, oxygen or 
oxidizing gases. A few years ago in the New York meeting of the 
Institute of Metals someone suggested that a neutral atmosphere 
is one that is without effect on the properties of the metal. That 
possibly is the best definition. 


QueEsTIon*: Wuart Is Your OPINION oF THE Most SaTISFACTORY 
METHOD oF DEOXIDIZING THE 85-5-5-5 ALLoy? 

We like to melt under a neutral condition from a combustion 
gas point of view. We desire to reduce the carbon monoxide, hy- 
drogen, hydrocarbons, and oxygen in the products of combustion 
to a minimum, regardless of whether the melting is done in a gas 
or electric furnace. We usually add a small percentage of phos- 
phorus. We find that final phosphorus content should be only a 
few thousandths of one per cent. 


QuEsTION: Wuat OTHER Deoxipizers Have You Founp Useru.? 


Silicon is a fine deoxidizer in certain types of alloys but 
should not be used excessively in the 85-5-5-5 alloy. A few hun- 
dredths per cent can be used without much trouble. There are 
other deoxidizers, such as calcium and boron, which might be con- 
sidered. Phosphorus remains the most common and safest deoxi- 
dizer. 


Question: Wuart Is tHe Errect or Suc Mera AppiTIons As 
Zinc, PHospHoRUS, MANGANESE, SiLicon, Boron, MaGnesium, 
Caucium, Barrum, ALUMINUM, Etc? How Do TuHey Compare 
in UsEFULNESS? Wuat ARE THEIR Limitations, Etc.? 

It is recognized that a small percentage of zinc is beneficial in 
most of these alloys. Consider Admiralty metal. It is much harder 


*Questionnaires containing the questions in this discussion were mailed to mem- 
bers of the Nonferrous Division of the A.F.A. prior to the meeting. 
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to make an alloy of 80 per cent copper and 12 per cent tin without 
any zine and phosphorus than it is when a small percentage of 
zine is used in the alloy. 

In the ease of nickel alloys, such as monel metal and others 
of that type, magnesium has proved useful. We do not know the 
results obtained when it is used in red brasses. 

Calcium should hold some promise. 

Some salts of barium have been used, such as sulphates, to 
reoxidize an over-reduced metal to prevent difficulties that may 
arise from an over-reducing atmosphere. 

Aluminum, which finds favor in steel metallurgy for prevent- 
ing oxidation in wild metal, proves to be a boomerang when used 
in appreciable amounts in bronzes. 


QuEsTION: Wuat Castine Derects Are Most CoMMOoN IN THE 
Type or AtLoy Unper Discussion ? 

Some of the worst foundry difficulties are the result of metal 
that has become gassed due to too high a percentage of various 
reducing gases in the products of combustion. Incidentally, when 
bronzes are melted under conditions that are not extremely re- 
ducing, I have observed that contraction shrinkage is considerably 
greater and heavier gates and risers are required. 


QuEsTION: Wuat Furnace ATMOSPHERES ARE Most, anp Least, 
DESIRABLE? 

When metal is melted in a neutral atmosphere, that is an 
atmosphere containing no reducing gases or free oxygen, and a 
small percentage of phosphorus is used, the range of pouring tem- 
perature is much greater than it is when no atmospheric control 
is exercised. Much research has been done both in the United 
States and abroad on pouring temperatures. On examination, it 
will be found that pouring temperatures are regulated to get the 
material to as low a temperature as possible so that it will cool 
quickly to avoid rejection of gas, yet have it flow and feed prop- 
erly. That is not a preventative of the basic cause, namely, gasifi- 
cation during melting. 


WRITTEN DISCUSSION 


P. BarKer:’ The following statements with respect to a “Symposium 
on Deoxidation and Degasification of Bronze Foundry Alloys,” are brief 
and somewhat general. The subjects are so comprehensive that it would 
take many pages to cover them properly. 

The most suitable deoxidizer is phosphorus; for 85-5-5-5 and 80-10-10, 


1 Federated Metals Corp., Detroit. 
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15 per cent phosphor-copper and for tin bronze of the 89-11 type, phosphor- 
tin. These deoxidizers have the advantage of performing their function 
without leaving a residual hardening and embrittling agent, when applied 
in the proper proportions. 

Other deoxidizers used are silicon, manganese, calcium, magnesium, 
boric acid, boronic alloys and sometimes zinc and barium, etc. Special 
trade hardeners are on the market, containing deoxidizing agents for 
example, such as calcium. Some foundries find these particularly adapt- 
able to their particular conditions. We have used successfully 15 per 
cent phosphor copper, 25 per cent manganese copper, 10 per cent silicon 
copper and boric acid for deoxidizing purposes. 

Deoxidizers are essential to overcome the oxidation conditions of 
casting. Foundry conditions such as alloy used, type of melting furnace, 
nature of casting defect to be overcome, conditions of casting, such as 
distance df travel from furnace, length of time before pouring, kind and 
size of casting, etc., will determine the kind and amount of deoxidizer 
to use. In some instances, it may be dispensed with, while in general. 
the intelligent use of a deoxidizer is both beneficial and necessary as it 
is impossible to melt down in practical commercial foundry applications 
without some oxidation. 

In general, deoxidizers act as hardening agents. They increase the 
tensile strength and decrease the percentage of elongation. This does 
not necessarily follow with each deoxidizer under consideration. Some 
act in greater or less degree than others. The object is to rid the casting 
alloy of oxides which accrue during the melting down process and which 
cause unsatisfactory castings. The use of excessive amounts of a de- 
oxidizer resulting in a residium, which frequently causes brittleness and 
cracks. Aluminum causes leaky castings as it forms weak areas at the 
intergranular boundaries. 

The most common deoxidizers are phosphorus, manganese, silicon, 
zine, calcium, magnesium. The usefulness of boronic compounds as deox- 
idizers has been disputed but the writer has used boric acid successfully as 
a deoxidizer for copper over a period of months. 

In general, a deoxidizer which performs its functions of ridding the 
alloy of excess oxygen and oxides and then volatilizes or rises to the 
surface as a slag, whence it may be readily removed, has a preference 
over one which remains as a compound in the alloy. Phosphorus, man- 
ganese, silicon, magnesium, and zine generally are more desirable than 
ealcium, barium, aluminum. Care must be exercised to keep the excess 
down to a minimum. Use of too much deoxidizer causes brittle castings. 
Oxides and slag must be kept to a minimum for sound and clean castings. 

The use of properly controlled remelt ingot is a decided factor in 
obtaining satisfactory castings as the successive remelting causes closer 
alloying of the separate ingredients. Sulphur in conjunction with other 
impurities in commercial alloys is objectionable, as are all elements which 
gasify and cause porosity. Excessive iron causes hard spots and poor 
machining qualities. 

Casting defects most common in the previously mentioned alloys are 
porosity and cracking. In melting down and casting, care should be 
exercised to exclude oxidation, or keep it at a minimum. Impurities 
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which gasify, such as sulphur, should be kept low or entirely eliminated. 

To obtain gas-free metal, melt under cover of borax or glass, ete. 
Pour as soon as possible after skimming. Pour as near gate as possible, 
and in some instances have a neutral or reducing gas in the flask. Do not 
overheat and burn the metal. 

A neutral atmosphere in the furnace is the most desirable and an 
oxidizing atmosphere the least desirable. Since an absolutely neutral 
atmosphere is difficult to obtain in most furnaces a very slightly oxidizing 
atmosphere generally is used for economical fuel operation and the metal 
is kept covered. 

ORAL DISCUSSION 

R. L. Binney :? When I think of a gassed bronze, I think of a bronze 
containing occluded gases, gases trapped physically. Likewise, an oxi- 
dized bronze is one in which an oxidizing reaction has taken place that 
leaves the metal charged with oxides. 

H. M. St. Jonn:* My impression of an oxidized metal is one which 
is sluggish due to dissolved impurities. In some cases, a portion of these 
impurities may really be deoxidized but if the metal can be made more 
fluid by the addition of phosphorus, the final product may be classified 
as deoxidized metal. Although I am not sure that the metal in question 
actually is in a deoxidized condition before the phosphorus treatment, 
I am convinced that it had not been deoxidized by the furnace atmosphere. 
In this sense, I feel sure that carbon monoxide is neutral in brass-furnace 
atmospheres. 

To satisfy myself thoroughly on this point, I have used a small 
laboratory electric furnace which, if allowed to operate in its own way, 
would contain an atmosphere of about 20 per cent carbon monoxide. I 
have injected carbon monoxide into the furnace atmosphere until tests 
showed it to be approxmiately 99 per cent carbon monoxide. The metal 
poured from the furnace, when the highest percentage of carbon monoxide 
possible in the atmosphere was used, was as sound as that poured from 
a 20 per cent carbon monoxide atmosphere or as metal poured from fur- 
naces where the carbon monoxide in the atmosphere has been reduced to 
as low a point as possible. 

I am inclined to believe that carbon monoxide is neither injurious 
nor beneficial except for the fact that when you have carbon monoxide 
present you do not have oxygen. If oxygen is needed as a refining agent, 
the carbon monoxide is objectionable because it takes the place of the 
desired oxygen. 

In the following reference to discontinuity of structure, I am not 
referring to what is called sponginess, that is, spherical openings in the 
metal which are bubbles, but to an angular discontinuity, crystals which 
are separated or forced apart and have fissures between them. The latter 
discontinuity of structure occurs sometimes in castings and must be due 
to some cause other than the presence of gas. As far as I have been 
able to discover, there is no connection between this discontinuous ¢con- 
dition and the type of atmosphere in the furnace. 

2 Binney Castings Co., Toledo, O. 
8 Detroit Lubricator Co.. Detroit. 
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One point in connection with gassed metal that deserves more con- 
sideration than it has had in the past, is the condition where sponginess 
actually does exist. The small, round holes usually are as bright as new 
minted gold, indicating the presence of a reducing gas. The possibility 
that this reducing gas is hydrogen, is something which needs further in- 
vestigation. It seems to me that hydrogen is the cause of that type of 
gas defect. 

J. W. Botton: Facts in our researches showed that under reducing 
conditions, as previously defined, porosity resulted and under neutral gas 
conditions it did not. The majority of investigators check our results and 
several go as far as to state that slightly oxidizing atmospheres are 
desirable. 

In porous metal, fissures actually are found between the crystals. They 
formerly were termed oxides. They are nothing but holes. The term 
“incipient shrinkage” was coined because the same phenomena could be 
found in castings insufficiently fed. Incipient shrinkage means the be- 
ginning or start of shrinkage. 

Dissolved gases, carbon monoxide, hydrogen and like other gases, 
are evacuated during solidification and are found in the crystal interstices. 
Neither Mr. St. John nor I actually have identified the gases nor has 
anybody else proved the case. Some extremely tedious and painstaking 
work has been done to determine what gases are in gassed metal but 
there has been no satisfactory, full explanation of the connection between 
the gases found by analysis and those to which troubles might be attribu- 
table. Contraction and lessened gas solubilities are the likely sources of 
trouble. In some cases, shrinkage alone may be responsible, in others 
gases are the more important factor. 

H. W. Maack:* Referring to the use of phosphor-copper as a de- 
oxidizing agent, with improper metal condition, phosphor-copper will cause 
segregation. If the metal condition is as it should be, an amount of 
phosphorus in excess of that necessary to oxidize the bronze will not 
have such harmful effects. Pouring temperature suitable to the cross- 
section exerts a great influence on the quality of the casting as judged 
by fracture. However, I think that phosphor-copper often is inclined to 
cause segregation. 

The requirements of a proper melting condition are not clear to me. 
It is my opinion that bronze melted in a pitch-coke-fired cupola is of 
extremely high quality. With that type melting unit, there probably is 
a sequence of conditions strongly oxidizing in the upper zones of the 
cupola and reducing as the metal passes through the incandescent coke. 
Possibly the oxidation and reduction is responsible for the high quality of 
the resultant metal. Whether it is due to the elimination of traces of 
silicon and aluminum, which would be harmful, or to other effects, I do 
not know. 

J. W. Botton: ‘There is one analogy that often has been used by 
opponents of those who hold the same views as those of Mr. St. John. 
That is the question of the difference between over-poled copper, over- 
reduced copper and tough pitch copper that contains a certain percentage 


Crane Company, Chicago. 
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of oxide. The difference between over-poled copper and those that con- 
tain a certain amount of oxide is very marked. 

Sam Tour:® I cannot conceive of free oxygen being present in a 
bronze. Copper forms copper oxide rapidly and copper oxide is consid- 
erably soluble in molten copper. The oxidized molten metal would be 
expected to be a solution of copper oxide in copper. It is difficult to 
imagine that any oxide in addition to copper oxide would be present in 
any great quantities. Silicon would be oxidized but silica would not be 
expected to dissolve in the copper. Tin would be oxidized to tin oxide 
but it would not dissolve. The same possibly is true of lead. 

I picture an oxidized bronze as one which contains oxygen in solution 
as copper oxide. That would be a modification of the alloy. An oxidized 
bronze might be one which contains particles of oxidized metals of other 
kinds such as tin oxide, silica, etc. In the latter case it would be called 
a dirty metal since it is a metal containing non-metallic inclusions in the 
form of oxides other than copper. If the metal is oxidized to the state 
of dirtiness, some agent, such as phosphorus, should be added to make 
the metal more fluid, and allow the oxides to float out of the bath. If 
the metal contains copper oxide in solution, it should no longer be con- 
sidered an 85-5-5-5 alloy. Another constituent, copper oxide, is present 
and has modified the alloy. 

If reduction of the copper oxide in solution is attempted by the method 
used in refining copper by poling, that is by the introduction of hydrc- 
earbons, which will reduce the amount of oxygen in the solution, it can 
be expected normally that the oxygen will be reduced by the formation 
of carbon monoxide at the high temperatures of molten copper. Not much 
earbon dioxide would be formed. The carbon monoxide will pass off as 
a gas. 

Indications from that thought would tend te confirm Mr. St. John’s 
eonclusion that carbon monoxide is not detrimental to copper alloys. 
Carbon monoxide alone is not a bad actor. Carbon monoxide present in 
the atmosphere can affect conditions depending on its reaction with other 
gases that may be present in the atmosphere. If hydrocarbons are pres- 
ent with carbon monoxide, the hydrocarbons can enter the metal because 
there is no free oxygen present to react with them. Instead of oxygen, I 
think the difficulty is largely dissolved gases other than oxygen and carbon 
monoxide. The difficulties probably are due to the presence of hydrogen, 
methane and possibly some metal hydrides. 

Silicon is known to form a hydride and probably other metals also 
do. Thus, gassed bronzes contain hydrogen either as such or as a com- 
pound with the metal, the solubility being much greater in the molten 
than in the solid metal. As the molten metal begins to freeze, gases are 
rejected and result in swelled gates, spewing out of the gates, etc. Cer- 
tainly a spewing gate cannot be called oxidized metal, yet it often is 
treated as such and phosphorus is used to eliminate the gases. When 
metal is treated to eliminate oxygen, some element or compound is used 
that will react with the oxygen. When metal is treated to eliminate 
gases, possibly something should be added that will react with the gases. 

It is interesting to find that gases often can be eliminated by another 
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gas. In the aluminum field, for example, nitrogen bubbled through molten 
aluminum will remove considerable quantities of dissolved gases. It is 
entirely possible that the addition of phosphorus will degas bronze, not 
by réaction with the gases but by disturbing the equilibrium between the 
gas and the base metal thus causing the gas to be released and to rise 
to the surface. 


TIN BRONZES—88-11 TyPE 


O. W. Exuis: When I was invited to lead the discussion on 
these alloys, Mr. Kihlgren suggested that I prepare a paper. My 
paper deals more particularly with the physical and mechanical 
properties of alloys of the 88-11 type because I felt that we could 
not discuss logically the effects of gases and oxides on the alloys 
if we did not have some clear ideas about the alloys themselves. 
(Mr. Ellis’ paper will be found on pages 347 to 369 inclusive.) 


ORAL DISCUSSION 


G. H. Cramer’: The reference that you made to my observations of 
some years ago to what we call eutectic sweat in our foundry, is direct 
evidence of the capillary action you have described. We had been in 
business for many years and occasionally received complaints that cast- 
ings were unsatisfactory because they had a surface hard to machine. 
An investigation showed us that the hard skin had a much higher tin 
content than the body of the casting. The problem was, how did that 
hard skin containing a higher tin content than the casting get there? 
According to the copper-tin diagram, the high tin constituent should be 
in the center of the casting, the part that solidified last. Such was not 
the case. The hard skin contained from 17 to 22 per cent tin and the body 
of the casting only 10 per cent. 


In casting ingots of 80-10-10 metal, particularly those containing phos- 
phorus, we frequently find that after the ingot has cooled below a red 
heat, this high tin alloy oozes out the capillaries and shows itself on the 
surface of the cold ingot. If those nodules are broken off, it will be 
found that’ they are of a higher tin content than the ingot. 


I once examined a locomotive driving brass that had been heated in 
service. The usual oil hole was at the top. Under the effect of heat 
and pressure, the high tin constituent had squeezed out and had run into 
the oil hole. In that case, the tin content of the nodule taken from the 
oil hole was as high as 22 per cent. The particular bearing was phosphor 
bronze and normally should have contained about 0.7 per cent phosphorus. 
This nodule was found to contain 3.0 per cent. This illustrates the 
tendency toward the formation of the eutectic alloy and also the tendency 
of that alloy to segregate inversely under certain conditions of tempera- 
ture and pressure. 


7 Ajax Metal Co.. Philadelphia. 
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We discovered that it was necessary to limit the impurity content in 
such alloys. Segregation of the high tin constituent was greater as the 
proportion of zinc and antimony was increased. 

E. F. Hess*: We make a casting from an alloy that falls in this 
group, although it is not exactly the same. We add a little lead for 
machining purposes. At different times we have run into this form of 
segregation, dendrites or whatever it may be, in different parts of the 
eastings. I ran a series of tests varying the phosphorus content thinking 
that I could get rid of some of the impurities that looked like oxides. 
They were immediately under the skin and would show up after the 
castings were machined. 

With a very small amount of phosphorus, the castings looked nice. 
By increasing the phosphorus content up to a point where the castings 
became a white color, we found that the tin content ran about 17 or 18 
per cent. The skin was extremely hard and a protest was made about 
the difficulty of machining. As a result, I have tried to keep the phos- 
phorus content low, although the high phosphorus metal is nice under 
the skin. 

The casting in which the difficulty developed was roughly a solid 
stem about 1 inch in diameter and 4 inches long joined to a heavy ring 
about 4 inches in diameter and 2 inches thick with a cored out place in 
the stem side. Various amounts of phosphorus seemed to influence the 
porosity of this particular casting quite differently. 

When a small amount of phosphorus was used, there was porosity 
through the heavy ring at the stem. This was made visible by pouring 
kerosene into the depression and watching it come through after several 
minutes. The porosity was overcome by raising the phosphorus content. 

O. W. Extis: What I tried to point out in my paper was that 
porosity can be explained in terms of physical phenomena. only. It is 
necessary first to imagine a system of capillaries and next to ask why it 
is that in such a system there is a tendency under certain conditions for 
the central portions to be porous and the outside to become rich in tin. 
The reason, I opined, must lie in the fact that it is easier to produce blow 
holes or cavities in the center of the system than at the outside. Why is 
it easier to produce cavities at the center than at the outside? Because 
the amount of energy required to produce one large cavity at the center 
of the system of capillaries is less than that needed to produce, say, 20 
small cavities at the ends of the capillaries. 

Contraction cavities which frequently are referred to as blow-holes 
and which, without doubt, contain gas, are present, not because of any 
chemical phenomenon but because of a physical phenomenon. They con- 
tain gas, but the gas does not enter them until they are in process of 
formation, that is, until the last traces of tin-rich liquid begin to throw 
out the gases they hold in solution. It may be that when a large amount 
If gas comes out of solution in the tin-rich liquid, it will push its way 
against the relatively mushy material at the top of the casting and pro- 
duce the phenomenon of tin sweat. 

Sam Tour: If we picture a rectangular section crystallizing from 
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the outside in, with dendrites all in tapered form, assuming they are 
symmetrical, leaving capillaries which are smaller at the surface than 
at the center between these dendrites, we have space left for the liquid 
increasing to the center whereas the space occupied by the dendrites in- 
creases to the edge. 

If what Mr. Ellis proposes is true, those initial dendrites, as they 
solidify, will be lower in tin than the original melt. Then we would 
have the surplus at the surface lower in tin than the center liquid. Then 
due to capillary action, the high tin liquid would run back through the 
capillaries alongside the dendrites. Since the diameter of the capillary 
decreases as it nears the surface, there would be less of this tin-rich 
liquid to get to the surface than there would be somewhere in between 
so that you would not have tin enrichment on the surface of the casting 
due to the molten liquor running back into the dendrite unless something 
back of that were pressing it further. 

If the amount of liquid left is not sufficient to fill the entire central 
cavity, which is what we expect due to shrinkage, then we would expect 
the central cavity to be empty and the capillaries full of tin-rich liquor. 

If an analysis was made and Mr. Ellis’ theory was correct, low tin 
would be found on the surface, high tin half way between the surface 
and the center and low tin in the center. The liquor has not been sufli- 
cient in volume to fill the center. It has been pushed to the outside and 
has stopped somewhere between the outside and the center. Thus we 
have a low tin surface, high tin next and low tin center. 

That does not account for tin sweat. Since the capillaries are smaller 
at the outside near the surface, tin sweat cannot be accounted for unless 
something forces the tin-rich liquid out through the capillaries onto the 
surface. That is where the rejected gases enter the problem. Gaseous 
metal will sweat and such sweat may, therefore, indicate gassed metal. 
If the center of a casting could be held open and exposed to the air during 
the period of gas rejection and the gases liberated at the center of the 
casting were allowed to vent, tin sweat would not take place. 

Gases dissolved in metal occupy little, if any, volume but when they 
come out of solution, they occupy enormous volumes. As the metal in 
the center is freezing, it is liberating gases and creating considerable 
pressure. That pressure can get to the outside only by first pushing the 
tin-rich alloy out ahead of it. The tin-rich alloy breaks through the end 
of one of the capillaries and forms a mushroom growth on the surface 
in the form of tin sweat. 

W. E. Pautson®: I think Mr. Tour overlooks the fact that a capillary 
is a small tube and the smaller the tube the greater the tendency for the 
liquid in it to flow as far as it can. I think that the fact that the tubes 
become smaller as they reach the surface would explain why the tin- 
rich liquid might come to the surface easily in a tube that became grad- 
ually smaller as it approached the surface of the casting. A large tube 
does not have capillary attraction to any great extent. 

O. W. Exrtis: I have not suggested that capillarity comes into play 
at all. As a matter of fact, if two capillary tubes, one uniform iv 





® Thomas Paulson & Son, Inc., Brooklyn. 








380 SyMPOSIUM ON DEOXIDATION AND DEGASIFICATION 


diameter and the other gradually decreasing in diameter, are compared, 
the heights to which liquid will rise in both will be exactly the same. 
Only the diameter of the tube determines the height to which the liquid 
will rise. 

Mr. Tour has pictured a much coarser system than I had in mind. 
I had thought of a system of extremely fine capillaries. The tin-rich 
liquid at the last stages of freezing occupies not more than 6 per cent 
of the total volume of the alloy. Whenever inverse segregation occurs, 
porosity also is present. Therefore, it seems that the fact the central 
portions of castings are porous must be connected with the enrichment 
of the tin on the outside. 


LEADED BEARING BRONZES— 80-10-10 TyPE 


G. H. Cuamer: What is true of the 85-5-5-5 alloy holds also 
for the 80-10-10 alloys. One vital consideration in the 80-10-10 
group is that there are two distinct 80-10-10 alloys provided for 
in the specification of the A.S.T.M. These alloys act differently 
and are being handled separately in the recommended practice 
sheets of the A.F.A. I refer to the 80-10-10 alloy with zine present 
and the same alloy deoxidized with phosphorus or with an excess 
of phosphorus present. They must be handled by different meth- 
ods in the foundry. The 80-10-10 type referred to for discussion 
probably includes the general classification of bearing metals which 
may contain 15 per cent or more lead and 6 per cent or more tin. 

Referring to Mr. St. John’s information that carbon monoxide 
should not be classed as a reducing but as a neutral gas, if that 
statement is true, it would seem that the use of charcoal, which is 
used generally for preventing oxidation, might be dispensed with, 
except that it keeps the air away and in that way prevents the 
metal from becoming oxidized. 

All metals listed as deoxidizers are electropositive to copper 
and therefore are more easily oxidized than copper. That does 
not mean necessarily that there may not be some copper oxide in 
such alloys. Reactions do not proceed instantaneously and they 
frequently are not entirely completed. I am not prepared to say 
whether copper oxide really is present if zine or other highly 
electropositive metals are contained in the alloy. 

H. CG. Thews states that phosphorus will reduce zine oxide. 
That would explain satisfactorily why the addition of only a 
small amount of phosphorus to the 85-5-5-5 alloy or the 80-10-10 
alloys containing zine is beneficial. We always have known that 
it made the metal more fluid without temperature elevation. If 
phosphorus does reduce zine oxide, this satisfactorily explains its 
beneficial effect. 
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ORAL DISCUSSION 


O. W. Extis: Three or four years ago, I read a paper before the 
American Institute of Mining and Metallurgical Engineers on the subject, 
“Oxides in Brass.” We made a number of different melts in an oil burn- 
ing furnace, using conditions which were as nearly identical as possible 
but varying the character of the charge. In some cases we used all metal 
charges; in others, scrap plus metal charges; in another ingot charges 
and in other cases the worst scrap that we could find in the foundry. 
We took samples from these charges and poured them into standard molds. 


The first point noted was that the amount of oxide varied with the 
character of the charge. We determined the amount of oxide by meas- 
uring the size and counting the number of oxide particles microscopically. 

We found that where the metal was held in the furnace under what 
would normally be termed reducing conditions for a period of about 2 
hours, the amount of oxide present was practically the same after this 
long heating period as it was after a considerably shorter time. In other 
words, keeping the metal at rest under a reducing atmosphere for what 
might be described as an exorbitant length of time had no effect upon 
the oxide content of the alloy. Incidentally, the alloy was the type used 
in the manufacture of trolley ears. 

An interesting point we discovered was that when the alloy was 
poured into sand molds, the particles of oxide in the castings were smaller 
than when the alloy was poured into chill molds. This indicated clearly 
that zine oxide actually is soluble in the alloy in the molten state and 
that the size of the oxide particles is determined by the rate of cooling. 


We found no relationship between the mechanical properties of the 
alloy and the amount of oxide present. 


H. M. St. Joun: I liked Mr. Bolton’s definition, that a neutral 
atmosphere is one which has no effect on the metal which is being handled. 
There is no question in my mind about the reducing character of the 
carbon monoxide when dealing with straight copper which contains cop- 
per oxide. It unquestionably is reducing. 


If there is any copper oxide present in a melt of the type brass or 
bronze under discussion, it is possible that this also is reduced by the 
carbon monoxide. However, if so, it is unimportant because the amount 
of dissolved oxide present must be extremely small and its effect on the 
character of the metal practically nil. The important point is that the 
presence of solid carbon or hydro-carbon on a melt of valve bronze will 
reduce silicon from silica and seriously injure the metal. Possibly other 
reductions of a similar character take place. 


In melting bronzes in a furnace which normally has an atmosphere 
high in carbon monoxide, the presence of solid carbon or oil in contact 
with the metal should be avoided. If this is possible and the metal is 
free from contamination at the start, the presence of carbon monoxide 
is quite harmless. 


W. E. Pautson: Do you consider carbon as contained in oil in the 
same classification as that present in charcoal? 
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H. M. St. Joun: You are thinking probably of melting in crucibles 
where certain amounts of oxygen are present. I am thinking more par- 
ticularly of the type of electric furnace in which the atmosphere of the 
furnace contains no oxygen at all. When oxygen is present, oil is much 
less detrimental because the reduction does not take place in the presence 
of oxygen. 

G. H. Cramer: Charcoal is used much more than is necessary. Fre- 
quently foundrymen throw charcoal on babbitt metal that has not reached 
a red heat. Under such conditions, the charcoal is wasted for it cannot 
perform any helpful function. 

I referred to the use of charcoal on the bottom of the ladle and the 
gas condition that resulted when the metal was poured over it. If gassed 
conditions under such circumstances do not result from carbon monoxide, 
what do they result from? The explanation may be water vapor orig- 
inating from water in the charcoal. The only way to determine the 
nature of the gas is to use the method that has been devised by the 
Bureau of Standards, that is, melting the alloys under vacuum condi- 
tions and determining the actual composition of the gas. 

E. F. Hess: Nothing has been said about the metals used. I refer 
especially to copper. We had some trouble in melting a certain batch of 
copper. It was melted as received, gating, etc. was exactly the same as 
in other instances, yet suddenly our percentage of leakers increased con- 
siderably. I noticed in this lot of copper a considerable amount of reduced 
copper ingots. Heats of those ingots melted in the carbon monoxide at- 
mosphere proved to be the cause of the leakers because when we used flat 
top ingots, the number of leakers returned to normal. 

In the 85-5-5-5 alloy we used large gates. The size of the gates was 
not increased and on leaky castings, there was no shrinkage from the gate 
to the casting. It semed to come from the lighter and heavier sections 
of the casting, a sort of inward shrinkage. 

BE. F. Cone”: What is the recommended practice regarding the time 
of introduction of phosphorus in the open pit and crucible in the 85-5-5-5 
alloy? How can you get it down to the bottom of the crucible? It seems 
to work to the surface. 

G. H. Cramer: Phosphor-copper usually is added just before pouring. 
Do not pour too quickly as time must be allowed for the reaction to 
take place. The ordinary way of introducing yellow phosphorus is by 
means of a phosphorizer, which is an inverted crucible attached to an iron 
bar, and plunging the phosphorus below the surface. 

MemBerR: In the written discussion, the statement is made that de- 
oxidizers reduce elongation since they act as hardeners and increase the 
tensile strength. That may reduce elongation but the justification for the 
use of deoxidizers is improvement of the metal. The statement also is 
made that continuous remelting improves the alloy. Personally, I doubt 
that statement. In a paper which I presented several years ago before 
the Engineering Society in Montreal, a great deal of work was done be- 
cause of a question that arose frequently in the selling end of the foundry 
business. Our castings were made from new metal while our com- 
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petitor’s were made from scrap. He boasted that because the metal had 
been melted so many times it was much better. We found, after making 
the alloy carefully with new metal, that we got as good results as with 
the first and second remelting of the virgin metal. 

Concerning the use of deoxidizers, if two foundrymen use a deoxidizer 
under practically the same circumstances, one will say that it is good 
and other will hold the opposite opinion. In the first case, sufficient time 
was allowed for the deoxidizer to react and in the other it was not. 
That time requirement has not been given sufficient attention in the aver- 
age foundry. A higher melting temperature must be used to allow for 
the required time. The method of stirring also exerts an influence on the 
alloy. I have found many cases where the deoxidizer is stirred into the 
metal and its purpose is defeated by stirring it into the dirt in the bottom. 
The idea is to mix the deoxidizer with the metal and avoid the dirt. 

Referring to burned metal, foundrymen are told not to burn their 
metal. Is oxidizing what is meant by burning? If so, how can some 
castings be poured at 2000 degrees Fahr. and others at 2300 degrees 
Fahr. without burning the metal? 

W. Emser™: I do not know whether what I would call burned 
metal would be called by the same name by foundrymen in general or 
not, but we have found a condition in our foundry which we call burned 
metal. We make a bronze containing 9 per cent tin, 4 per cent zinc and 
the remainder copper, which might be classed in the 88-10-2 type. We 
have found that we can overheat that metal, meaning that the tempera- 
ture is in excess of 2400 degrees Fahr. and cool it to what we think is 
the correct pouring temperature. When that procedure is followed, the 
resulting casting as it comes from the mold has the appearance of a 
sheet of galvanized iron. In many instances it is possible to detect with 
the naked eye, surface cracks between each of the crystals with the 
galvanized sheet iron appearance. That is what we call burned metal. 
We can make that condition occur by overheating the metal but we can- 
not always prevent it from occurring. 

When I say the casting has the appearance of galvanized sheet iron, 
I do not mean that it has a white color. It has the red color of the metal 
but the surface has the enlarged crystalline form found on galvanized 
sheet iron. The correct pouring temperature is 2150 degrees Fahr. 

G. H. Cramer: Mr. Ellis, do you think the appearance is caused by 
enlarged dendrites on the surface? 

O. W. Ev.tis: It might be that very high pouring temperatures change 
the form of the capillaries. However, it seems to me that some material 
has entered and has spoiled the alloy. When melting at a very high 
temperature, it might be possible for a reaction to take place between 
the pot and the metal with the result that a new constituent, not normally 
present, would enter the alloy. 

Memeer: At what temperature is the metal free from this defect? 

W. EmsBer: I do not know at what temperature it does not occur. 
Our pyrometer reads only to 2400 degrees Fahr. and I know the tem- 
perature of the metal is above that. We try to keep the metal not over 
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2400 degrees Fahr. When that temperature is not exceeded we do not 
have the trouble mentioned. 

G. H. Cramer: Did that trouble appear on the skin side and not on 
the machined surface? 

W. Emser: The trouble appeared throughout the metal as far us 
we could find. What I wanted to emphasize is that the cracks are visual. 
If the casting is broken, the cracks can be traced all through it. If the 
casting is machined, it is possible to see where the machine tool has 
turned up the edge of the crystals. It is possible to see a definite 
division between the crystals. 

O. W. Extxis: In connection with the remark I just made, in making 
melts of cast iron in magnesia crucibles, it is possible to reduce mag- 
nesium from the pot. Might it not be possible at very high temperatures 
for a reaction to take place between a melt of bronze and a silicious 
crucible or furnace lining with the formation of silicon? If the reduced 
silicon entered the melt, it would spoil the alloy. 

G. H. Cramer: The impurity content of the alloy may be an ex- 
planation. 

W. Emper: The alloy was made from L.N.S. brand copper, straits 
tin and Horse Head zine. All were purchased in the original slabs and 
pigs. 








Studies on Solidification and Contraction 
and Their Relation to the Formation of 
Hot Tears in Steel Castings 


By CHARLES W. Bricast AND Roy A. GEzELIuS,t 
WASHINGTON, D. C. 


Abstract 


The following studies, resulting from a compilation of 
data and expressions, consider the relation of solidification 
and contraction to the formation of hot tears. Casting solidi- 
fication involving the principle of equal cooling throughout is 
undesirable. Such conditions should be replaced by the more 
natural method of directional solidification. Controlled direc- 
tional solidification is successful only when certain principles 
of casting design are adopted. These principles stress the 
importance of feeding smaller sections through heavier ones 
and by studying mass effect by the use of inscribed circles. 
Metal contraction and hindered contraction resulting from 
mold resistance is responsible in the major part for the ez- 
istence of hot-tear cracks in steel castings. Other important 
factors are cavities and the physical properties of the steel. 
There are two types of hot-tear cracks, (a) the internal hot 
tear that develops during the solidification of the casting, and 
(b) the external hot tear that develops after solidification is 
complete, but while the temperature is about 1300 degs. Cent. 
Intelligent application of certain principles in casting design 
is one of the most important of seven methods that may be 
adopted to obviate the danger of hot tears, or at least limit 
the hot tear formation. 


1. There are many conflicting opinions on all phases of cast- 
ing procedure and various remedies for all the numerous prob- 
lems arising in the industry. These remedies often have been 


* Published by permission of the Navy Department. 
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applied by rule of thumb or as experience has dictated their use. 
It is surprising to note how little experimental data are available 
on the actual physical processes which occur during the solidifi- 
eation and contraction of steel castings. 

2. It is not possible to review as large a field as the entire 
casting process in one article and do justice to all of its phases. 
The authors have selected, therefore, only one of the important 
phases, that of solidification, contraction and the formation of hot 
tears, and have attempted to bring together the best of available 
data and to supplement them with the results of some experiments. 

3. In the industry today there are so many definitions for 
the several terms that in order to clarify the discussion it has 
been found necessary to define certain of these terms. 


DEFINITIONS 

Contraction, Shrinkage. 

4. This is a phenomenon, occurring in most metals, whereby 
a decrease in temperature is accompanied by a decrease in volume. 
The change may be divided into three types, (1) the decrease in 
volume in the molten metal while cooling to the solidification point. 
(2) the decrease in volume while changing from the liquid to the 
solid state, and (3) the decrease in volume while cooling from the 
solidifying temperature to room temperature. 


Pipes. 

5. Pipes are cavities in the solidified metal caused by con- 
traction and are formed during the change from the liquid to the 
solid state. 


Contraction Stresses. 

6. Contraction stresses are produced by hindered contrac- 
tion and/or non-uniform cooling resulting in a non-uniform change 
in the volume of the metal. Contraction may be hindered by the 
resistance of the mold or by resistance within the casting itself 
due to non-uniform solidification. 


Hot Tears. 

7. Hot tears, or contraction cracks, are cracks in the metal 
formed at elevated temperature by contraction stresses. The steel 
is subjected to stress in excess of the tensile strength correspond- 
ing to the prevailing temperature and, accordingly, cracks. The 
formation of these cracks nay be aided by contraction cavities 
(pipes) which cause a concentration of stress. 
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Cold Cracks. 

8. Cold cracks are the result of large inherent contraction 
stresses produced during cooling from the solidification tempera- 
ture to room temperature. These cracks appear at comparatively 
low temperatures. 


SOLIDIFICATION 


9. The process of the solidification of metals has been studied 
both from the theoretical and the practical point of view by many 
competent observers. We refer to H. M. Howe,’* A. L. Field,’ 
A. MeCanee,*? H. C. Dews,* T. M. Service,’ C. H. Deseh,® J. E. 
Fletcher’ and others whose studies in solidification have formulated 
certain rather definite rules. 

10. The solidification of steel poured into the mold begins 
with the formation of a crust. As the temperature drops the 
solidification proceeds and the crust extends inward until the en- 
tire cross-sectional area is solidified. This crust formation does 
not proceed uniformly all over the casting; at feeding and gating 
centers it proceeds more slowly. 

11. Castings composed of thick and thin sections will solidify 
so that the thick portions are still in the semi-fluid or fluid state, 
while the thin parts of the casting are solidifying and may ac- 
tually be accomplishing part of their solid contraction. Let us 
consider these three conditions, liquid, liquid plus solid, and solid, 
with respect to contraction. 

12. The authors find that there are, apparently, no reliable 
published figures on the changes of the volume of liquid steel with 
change in temperature. However, from the information at hand it 
seems reasonable to assume that contraction takes place uniformly 
with the drop in temperature and that it is about 2 to 4 times 
greater per degree drop in temperature than solid contraction. 
Thus, in order to keep liquid contraction low, the steel should be 
run as cold as possible. Practically, this feature is not considered 
to be of importance as the supply of liquid metal usually is ample 
to provide for the amount of liquid contraction that might be ob- 
tained, regardless of the pouring temperature. 

13. The freezing contraction is much more important and 
much more difficult to control. Experiments by Benedick® and the 
calculations by Honda® have shown that steel passing from the 
liquid phase to the solid phase contracts about 5.5 per cent in 
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volume. The free solid contraction of steel, from the freezing 
point to room temperature, is about 6.6 per cent (linear contrac- 
tion about 2.2 per cent). This type of contraction will be taken 
up more fully in the following pages. 

14. T. M. Service® explains the amount of contraction in 
steel in the following manner: Solid steel weighs 490 lbs. per cu. 
ft. (density 7.85) at 1500 degs. Cent. (2732 degs. Fahr.), while fluid 
steel weighs 437 lbs. per cu. ft. (density of 7.0). Therefore, in 
order to obtain one cubic foot of solid steel, 1.12 eu. ft. of fluid 
steel is required, or a total shrinkage of 10.72 per cent. 

15. It has already been considered that in the solidification 
of steel castings the solidification proceeds from the surface inward 
and as it proceeds the three types of contraction take place simul- 
taneously. Thus, when the casting has completely solidified there 
will be a contraction cavity at that place which was last to solidify, 
unless certain measures are taken to prevent its formation. 

16. Pipes usually are thought of as a result of shrinkage 
alone, although some authorities still contend that occluded gases 
are also to be considered. This theory was first propounded by 
Fletcher’ as a result of his studies on ingot solidification. Other 
authors apparently do not consider the phenomenon of gas in- 
elusion to be particularly important as a cause of pipes in steel 
castings. 

17. The presence of pipes in castings may be considered in 
many ways. Heuvers" is of the opinion that pipes may be treated 
in three ways. First, the pipes may be ignored as, in his opinion, 
they do not affect the strength of the casting except insofar as 
they favor the formation of hot tears due to stress concentration 
at these points. Second, the pipes may be prevented by the in- 
sertion of metal chills at points of considerable cross-sectional area, 
or by the use of chill plates. Third, the design must be such 
that the foundryman ean get to each section of the casting to feed 
it through direct feeding heads, or, at least, through sections of 
similar or larger cross-section. 

18. These measures consist in casting in such a manner that 
the last solidifying portion will have an ample amount of metal 
to replace that lost during contraction. If the casting is not fed 
from some molten reservoir, a cavity will form in that portion of 
the casting that is last to solidify, or in any portion that is cut 
off from the supply of molten metal. In this case the volume of 
such cavities depends on (a) the mass of the metal solidifying. 
(b) the volume change of the metal, and (c) the casting tempera- 
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ture. Part (c) is really, for that matter, a portion of (b) because 
the extent to which casting temperature influences contraction is 
governed essentially by liquid contraction. 

19. After a close analysis of the available literature on cast- 
ing solidification, it is found that those who have expressed their 
ideas on the subject will generally end their discussion by pointing 
out that, if a casting could maintain an equal cooling rate and 
solidify uniformly throughout the casting there would be less de- 
fects from cracking of the casting. This could be done, they 
explain, by retarding the cooling of the thinner parts and by chill- 
ing the thicker parts to equalize the temperature of the casting. 

20. It is true that if this can be accomplished, contraction 
stress arising from unequal cooling of sections would be elimi- 
nated. It is a nice picture, but it is fundamentally unsound for 
several reasons. 

21. A easting with an equalized temperature throughout will 
proceed, upon reaching the solidification stage, to solidify from 
numerous points throughout. These points as neuclei for solidifi- 
cation will spread, and at those places where the solidified portions 
came together there will be small contraction cavities. It is true 
that there should be no large pipe or cavity but, instead, there 
would be minute cavities throughout the casting and a general 
unsoundness would be the result. Nor does such a method insure 
against the formation of cracks, as other investigators as well as the 
authors show that pipes and cavities are of importance in the 
formation of hot tears. 

22. The casting cools from the face of the mold inward, as the 
mold acts as an effective chill. How, then, can cooling of thinner 
parts be retarded so that an equal temperature throughout the 
casting may be obtained? Even though the thick portions of the 
casting were internally chilled to bring them to the temperature 
of the thinner portions, the casting still would not solidify equally 
throughout but a skin of a certain thickness would always precede 
the mass of the casting in solidifying. A high-frequency coil 
might be used to replace the radiated heat by induction, but this 
practice would add greatly to expense. 

23. Solidification by uniform cooling must be discarded and 
what has been called directional solidification offered in its place. 
Directional solidification is a process that is intimately involved 
with the design of the casting. It makes use of the idea that there 
should be a reservoir of liquid metal adjacent to the solidifying 
portions of the casting. As the casting proceeds in solidifying, the 
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last liquid portion is fed directly by a head so placed that it will 
provide the required liquid metal to compensate for the final 
solidifying contraction and thus promote complete metal sound- 
ness. 

24. The outstanding principle in casting design, to obtain 
directional solidification, is to feed a smaller section through a 
heavier one. Of course, at times the design is such that this is 
impossible, and then the correct and intelligent use of chills may 
be resorted to in order that the heavier section will complete its 
solidification prior to the lighter section through which it must be 
fed. Directional solidification also necessitates the precaution that 
molds and cores should be made as collapsible as possible in order 
to reduce the stress arising from mold resistance. 

25. A plan of solidification involving controlled directional 
feeding is especially adaptable as it employs the methods that are 
involved in the regular solidification of a steel casting. It does 
more—it does not permit sections to solidify heterogenerously 
throughout the casting, but controls the directions of solidification 
so that adequate reservoirs of liquid metal will feed the last solidi- 
fying portions. 

26. The authors are of the opinion that in order to obtain 
castings free from pipes and voids it is necessary to have con- 
trolled directional solidification taking place within the casting. 


Rate of Skin Formation. 

27. A question that is ever prevalent when directional solidi- 
fication is considered, and always asked by those interested in this 
method, is this: At what speed does directional solidification pro- 
ceed? In other words, in a study of this nature the rate of skin 
formation is one of the important factors involved. 

28. The rate of skin formation, based on our present informa- 
tion, depends on two conditions: First, the casting temperature, 
or perhaps better, the fluidity of the poured steel; and second, the 
rate at which heat can be conducted away from the mold-metal 
interface. Thus, the surface area and the concentration of mass 
of a easting would be influential in varying the degree of heat 
conductivity. In some sections a substantial skin is formed during 
the few seconds required for pouring the casting. In other larger 
sections where the concentration of mass is much greater, no skin 
at all will be formed during the pouring interval. 

29. Constant volumes with varying surface areas will form, 
in a definite time interval, varying skin thicknesses. However, the 
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change is not critical, for a 50 per cent greater surface area does 
not change the rate of skin formation. To demonstrate this fact, 
an experiment was performed using a 6-inch diameter sphere and 
a parallelepiped, with volume identical to that of the sphere. 

30. The surface area of the parallelepiped was 50 per cent 
greater than that of the sphere. Each was gated with a 2-inch 
central downgate. The metal was poured into the casting through 
the central downgate, and after a predetermined lapse of time the 
mold was turned over and the liquid metal remaining was emptied 
through the pouring gate. The pouring temperatures for the 
entire experiment were between 1550 and 1500 degs. Cent. (2822 
and 2732 degs. Fahr.) The results obtained are shown in Table 1. 


Table 1 
EFFECT OF CONSTANT VOLUME AND VARYING SURFACE AREA 
ON SKIN THICKNESS 


Linear thickness of 


Time elapsed between solidified shell, in inches. 


filling mold and over- 


turning mold, in minutes. Sphere. Parallelepiped. 
0 0.18 0.18 
1/2 0.31 0.32 
1 0.56 0.55 
2 0.75 0.75 


31. Experiments involving the changing of surface area and 
the concentration of mass in regard to their effect on the rate of 
skin formation are being studied further by the authors. A study 
of temperature conditions and the rate of heat conductivity in the 
mold also is receiving attention. This is very important if the en- 
tire story on the rate of skin formation is to be known. 


Fluidity Tests. 

32. It has been mentioned that fluidity is a factor in the proc- 
ess of solidification. The difficulty is that, although it is recognized 
by all foundrymen as a dominant feature in casting technique, very 
little is known about controlling it. In fact, its control is one of 
the major problems in steelmaking today. 

33. It has been known for some time that certain processes 
produce a more fluid steel at lower temperatures. We refer par- 
ticularly to converter steel and point out that it is for this rea- 
son as much as any other that European foundries have maintained 
the converter practice. Just how much difference there is in the 
degree of fluidity of the best made open-hearth and electric, or acid 
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and basic steels, is not definitely known. However it is evident that 
the fluidity of steel is not altogether a function of temperature. 

34. Which is to be considered the more important, tempera- 
ture or fluidity? We are inclined to believe that fluidity is of 
greater importance, since the primary consideration of every 
foundryman is to run the casting completely. Then, too, the 
greater the fluidity, the easier it is to control directional solidifica- 
tion because the sections are more easily fed. The greater the 
fluidity, the greater opportunity there is, as will be shown later on, 
to fill up hot tears with liquid steel. 

35. On a recent visit by Captain Shane, U. S. N., to the steel 
foundries of Europe it was discovered that a fluidity test was being 
used, especially by the French foundrymen, as an indication of 
the correct tapping or pouring conditions. These foundrymen 
claimed a fair correlation of conditions existed and that favorable 
results were obtained. 

36. The use of a fluidity test instead of a stop-watch test 
seems to be the ideal way of obtaining advance knowledge of the 
mold-running ability. However, at the present time it appears that 
a definite correlation of conditions will be difficult to obtain; at 
least this has been the experience of the International Nickel Co. 
and the American Steel Foundries. At the Naval Research Lab- 
oratory, fluidity is being studied by using a modification of the 
Bureau of Standards horizontal spiral fluidity mold.” _The pres- 
ent data would indicate that numerous tests must be made before 
quantitative correlations can be obtained. 


CONTRACTION AND TEMPERATURE OF Hot TEAR FORMATION 


37. The easting of steel presents several difficulties which 
arise entirely from the design of the castings and the properties 
of the steel itself. The hot crack is one of the foundrymen’s chief 
difficulties. Hot cracks and pipes are so closely associated with 
each other that it is difficult to differentiate between the two. It 
is the authors’ opinion that many hot cracks are due in part to 
small pipes which serve as points of stress concentration and fa- 
cilitate tearing in the weak steel. 

38. Information concerning the critical temperature at which 
cracking takes place and the strength of the steel at that tempera- 
ture has been lacking for sometime. Several investigations have 
recently been carried out to determine these facts, notably those 
by K6érber and Schitzkowski.’* A few other writers such as Heu- 
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vers," Singer,’ Bennick’* and Osann™ also have contributed opin- 
ions on this interesting subject. In order to clarify the present 
views it might be well to mention some of these experiments and 
opinions in more detail. 

39. K®6rber and Schitzkowski,’* in what is probably the most 
comprehensive work of this character published to date, have de- 
termined the total shrinkage of cast steel to be approximately 2.18 
per cent and the critical cracking temperature to be about 1300 
degs. Cent. (2372 degs. Fahr.) The experiments carried out to 
determine these facts were made on three types of bars, in dry and 
green sand using both acid and basic open-hearth steel. The bars 
in question were (1) plain round bars, (2) bars with large flanges 
to hinder shrinkage, and (3) bars identical with those used in 
ease (2) with the shrinkage hindered by the insertion of rigid 
iron bars in green-sand molds. 

40. The amount of shrinkage was measured by the shrinkage 
meter developed by Wiist’® for his researches on cast iron. The 
bars were cast horizontally and the temperature measured by a 
platinum thermocouple, the hot junction of which was inserted at 
the surface of contact of the bar and the gate. The compositions of 
the steels used were as follows: 
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Basic Acid 
Open-Hearth. Open-Hearth. 
RE, Oh s.eébewsevues ce 0.15-0.39 0.28 
IES o's 5 waiaitinn tiny si 0.32-0.47 0.22-0.60 
Manganese, % .......... 0.49-0.80 0. 26-0.69 
PROSPMOTUS, J ..2ccccees 0.014-0.047 0.063-0.106 
SE Sy Scwicawae seca 0.021-0.045 0.036—-0.085 


41. As the experiments with acid and basic steels were car- 
ried on in identically the same manner and the results proved con- 
clusively that the shrinkage characteristics of the two types of 
steel were the same, only one set of the experiments will be given 
in detail. 

42. The fact that acid and basic open-hearth steel have the 
same shrinkage characteristics is particularly interesting, since 
various opinions have been presented as to which type of steel is 
more conducive to cracking. None of these opinions, however, have 
been substantiated by actual measurements under identical condi- 
tions, and therefore they have not carried a great deal of weight. 

43. The procedure followed and the results obtained are sum- 
marized below. 


A—Plain Round Bars. 

44. The bars used were 450 mm. (17.72 in.) long and 20 
mm., 30 mm., 40 mm. and 50 mm. (0.787, 1.181, 1.575 and 1.969 
in., respectively) in diameter. These bars were all cast in green 
sand and measurements taken on shrinkage. The curves obtained 
are shown in Fig. 1. The highest point on the curve represents 
the pearlite point. The total shrinkage was found to be independ- 
ent of the diameter of the bars and was about 2.18 per cent. Ap- 
proximately one-half of the total shrinkage occurred before the 
bars passed through the critical point. 


B—Bars with Flanges. 

45. The bars in this experiment were identical with those 
used above, except that they had flanges 20 mm. (0.787 in.) thick 
and 12, 13, 14 and 14 mm. (4.73, 5.11, 5.51, 5.51 in., respectively) 
in diameter. The molds in this case consisted of green-sand and 
dry-sand molds composed of compo (chamotte) fireclay and 
graphite. The curves a, b, c and d (Fig. 2) represent the data 
obtained on the bars cast in green sand, and a’, b’, c’ and d’, the 
data obtained on the bars cast in dry-sand molds. The total shrink- 
age obtained when using green-sand molds, approximately 2.07 per 
cent, was found to be almost as great as that of a freely contract- 
ing plain round bar, with about one-half of the total amount again 
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occurring before the critical temperature was reached. These bars 
showed no defects. 

46. In the curves a’, b’, c’ and d’, representing the bars cast 
in dry sand, a deviation from the normal course is noted at about 
1300 degs. Cent. (2372 degs. Fahr.) This deviation indicates a 
fracture in the bar; all of the bars fractured. The two larger 
bars fractured below the gate in the center of the bar, whereas both 
flanges were torn off the two smaller bars. None of these fractures 
showed any evidence of plastic deformation. 

47. In this experiment the total shrinkage was found to in- 
crease with the increasing diameter of the bar and amounted to 
0.34, 0.61, 0.89 and 1.78 per cent, respectively. The shrinkage be- 
fore and after the critical point was 0.21, 0.18, 0.41, 0.89 per cent 
and 0.13, 0.41, 0.48, 0.89 per cent, respectively. In the two larger 
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bars the shrinkage before and after the critical point is again ap- 
proximately equal. 


C—Bar with Flanges with Iron Rods in the Molds. 


48. The experiment was conducted in green sand only and 
was intended to produce a mold the resistance of which was be- 
tween that of a green-sand mold and a dry-sand mold. In this 
ease only the 30 mm. (1.181 in.) bar was used. The shrinkage was 
hindered by rods of 20 mm. (0.787 in.) diameter placed between 
the flanges. 

49. Various lengths of restraining rods were used to obtain 
different amounts of resistance. The total distances between the 
ends of the rods and the flange were 0.0787, 0.157, 0.236, 0.315, 
0.397 and 0.472 in. In the two latter cases the distance was greater 
than the total shrinkage of the bar, 0.354 in., but the sand com- 
pressed between the end of the rod and the flange diminished the 
actual working distance somewhat. 

50. The total shrinkage varied from 1.51 per cent for the 
most hindered contraction to 2.10 per cent for the bar that was 
impeded the least. The contraction after the critical point re- 
mained constant in every case, whereas the contraction before the 
critical varied from 0.51 per cent to 1.04 per cent. All of the bars 
were torn near the flange. No defect was visible in the three bars 
which had been impeded the least until about 0.039 in. had been 
turned off, when small cracks were found, connected to a small 
pipe in the flange. The shrinkage curves (Fig. 3) show deviations 
marking the fracturing points. 

51. Although the work given above has presented the most 
complete data on the subject, and the conclusions as to the critical 
cracking temperature probably are very nearly correct, there are 
some portions of the technique that could be improved. The use 
of plain round bars with the gate in the center is not conducive 
to uniform cooling; that is, the cooling must proceed from the 
ends of the bar toward the gate. The ends of the bar thus pass 
through the critical range earlier than the center of the bar, and 
the shrinkage recorded is the summation of the expansion and 
contraction occurring throughout the entire bar. This would ac- 
count for the ‘‘flattening’’ of the critical point, which should show 
as marked peaks on the curves. The temperatures recorded at the 
gate represent the hottest points and not the temperature of the 
bar as a whole. 

52. In experiments 2 and 3, where the flanged bars are em- 
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ployed, similar difficulties are encountered. The thermocouple in 
this case does not indicate the ‘‘true’’ cracking temperature but 
some temperature slightly below it. This is brought out by the 
fact that the majority of cracks occurred at the flanges, which 
would indicate that the hotter and weaker metal was located there. 
The variation between the true temperature and that noted by 
the thermocouple at the center is not very great, due to the large 
amounts of heat given off at various points in the bar as these 
points pass through the critical range, which tends to equalize the 
temperature to a great extent. 

53. The authors are at the present time conducting a series 
of experiments in an endeavor to continue the work of Kérber and 
Schitzkowski and determine the tensile strength of steel at the high 
temperatures where cracking takes place. Although the data are at 
present incomplete and not sufficient to warrant a conclusive state- 
ment at this time, we are of the opinion that the temperatures 
given above are very nearly correct. 

54. In order to correct the experimental errors mentioned 
above, the authors made a study of the cooling characteristies of 
several bars. Three platinum platinum-rhodium and six iron- 
chromel thermocouples were used in noting the temperature in va- 
rious portions of the bar. The three platinum couples were placed 
as follows: (1) about one inch from the end of the bar, the end of 
the thermocouple extending to the center line of the bar; (2) at 
the center of the bar, below the gate; (3) about three inches from 
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the end of the bar, with the end of the thermocouple protruding 
only about one-eighth inch into the mold so that the temperature 
of the skin would be recorded. 

55. In Fig. 4 are shown the data obtained on a straight bar 
2 inches in diameter. This bar was similar to that used by Korber 
and Schitzkowski in a portion of their work. It will be noted that 
the skin cools immediately to almost 1300 degs. Cent. (2372 degs. 
Fahr.) and then cools very slowly. The fact that solidification pro- 
ceeds from the end toward the center is shown very markedly by 
the fact that the temperature just below the gate lags about 75 
degs. Cent. (135 degs. Fahr.) behind that of the end and the skin 
in cooling. 

56. To correct this, a bar has been selected having a diam- 
eter at the center slightly smaller than that at the ends. The 
thermal characteristics of this bar are shown in Fig. 5. The thermo- 
couples were placed in relative positions so that the data are com- 
parable. It will be noted that the cooling is almost uniform through- 
out the bar. 

57. Experiments to determine the maximum shrinkage and 
the critical cracking temperature of steel have also been conducted 
by Heuvers. His results, which he presents with no explanation 
of the technique used, agree very well with those given above and 
show that one-half of the total shrinkage of 2 per cent occurs 
within the limits of 1450 and 900 degs. Cent. (2642 and 1652 degs. 
Fahr.) within a very short time, and that below 900 degs. Cent. 
the additional shrinkage is very slow. He states further that 
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‘‘within the limits mentioned, 7. e., during the transition from the 
fluid to the pasty state and to the state of white-hot heat, the steel 
is rapidly subjected to great stress at a time when the tensile 
strength is still slight,’’ and contends that these facts corroborate 
the work of K6rber and Schitzkowski. 

58. K. Singer**?* and Krieger,’* who have also studied the 
problem, are of the opinion that the results presented by Korber 
and Schitzkowski are very nearly correct. The only published 
statement that differs considerably from those given above was 
presented by B. Ossan in a discussion of Heuvers’ paper.** It is 
Ossan’s opinion that the critical cracking temperature is very much 
below that given above. He believes that the true temperature is 
approximately 600 degs. Cent. (1112 degs. Fahr.), and bases his 
argument upon the following points: 

That it is impossible to determine the temperature 
of the cracked skin by means of a thermocouple placed 
in the mold. 

‘‘That a crack cannot oceur as long as the steel is 
still in the fluid and,-consequently, in a plastic state, 
because stress in this state causes deformation but no 
cracks. The plastic state does not cease until a tem- 
perature which is about 600 degs. Cent. (1112 degs. 
Fahr.) is reached. Therefore, cracks can occur only 
when the steel has cooled off to that temperature, 7. e., 
when the skin has reached this temperature. However, 
the thermocouple introduced into the mold may still 
indicate 1300 degs. Cent. (2372 degs. Fahr.) ”’ 

‘‘That the cooling of the steel along the mold wall 
proceeds very rapidly due to the great temperature 
gradient. The critical temperature of 1300 degs. Cent. 

. . will be reached in such a short time that it would 

be impossible to ‘withdraw the mold.’ ’’ 

59. Ossan continues that such wide temperature differences 
as he has mentioned, skin at 600 degs. Cent. (1112 degs. Fahr.) 
while the center is still at or above 1300 degs. Cent. (2372 degs. 
Fahr.), do exist. As an example he points out that ingots, whose 
external appearance is quite dark, begin to glow white hot when 
placed in the ‘‘soaking pit’’ due to the molten state of the interior. 

60. In presenting this hypothesis Ossan has neglected to take 
into account several points of importance. First, an ingot usually 
is cast in a metal mold, which not only has a much greater chilling 
effect but also has a much higher heat conductivity than any sand 
mold. Second, in removing the ingot to the ‘‘soaking pit’’ it must 
of necessity be exposed to the chilling effect of the air, which, 
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again, is much greater than that experienced by a casting in a sand 
mold. 

61. The supposition that such wide temperature differences 
can exist in a casting produced in a sand mold becomes untenable 
when it is considered that the steel is poured into the mold at a 
temperature which is above the melting point, and that before 
crystallization can begin in the outermost crust the heat released 
during cooling of the steel to the point of solidification and also 
the heat of crystallization during solidification must be absorbed. 
As the latter quantity of heat represents approximately one-sixth 
of the total heat content of the fluid steel, it can readily be seen 
that the mold becomes very hot and that, due to the poor thermal 
conductivity of the sand, cooling of the casting cannot proceed at 
the rapid rate suggested. 

62. These arguments are more or less confirmed by the results 
of the temperature measurements made by F. Wiist and P. 
Stuhlen'® in their studies of temperature differences at different 
points of gray iron bars during the cooling process. They found 
that up to the pearlite point no temperature differences much 
over 100 degs. Cent. (212 degs. Fahr.) occur between different 
points of the bar. This can also be seen by examining the curves 
shown above in the discussion of the work of Koérber and Schitz- 
kowski. 

63. The authors, in an endeavor to determine how much of a 
temperature gradient existed in a sand mold, took temperature 
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measurements on a mold in which a 6-inch diameter steel sphere 
was cast. The temperature of the metal at the center of the sphere 
was determined by means of a platinum platinum-rhodium thermo- 
couple protected by a quartz tube, introduced through the bottom 
of the mold. The temperature of the sand was noted by means of 
four chromel-alumel thermocouples placed 1/8, 1, 2 and 3 in. from 
the mold-metal interface. Potentiometer readings were taken at 
short intervals and plotted, as shown in Fig. 6. 

64. By examining these curves it can readily be seen that 
the opinion presented by Ossan is untenable. The thermal con- 
ductivity of sand is so low that even though the temperature of 
the sand at the face of the casting is only 150 degrees lower than 
the metal at the center during almost the entire cooling range, the 
sand temperature one inch away from the casting never exceeds 
1000 degs. Cent. (1832 degs. Fahr.), and the sand two and three 
inches away is still lower in temperature. 

65. The results of Kérber and Schitzkowski may also be 
cited as proof that the cracking temperature chosen by Ossan is 
too low. In their experiments it was found that the cracking oc- 
eurred where the highest temperatures prevailed, and that if 
shrinkage was not prevented until the temperature of this point in 
the bar had dropped to below 1000 degs. Cent. (1832 degs. Fahr.), 
no eracks appeared. It has also been pointed out that in the 
region of 600 degs. Cent. (1112 degs. Fahr.) and less, steel has 
such a high tenacity that cast steel bars in this temperature region 
break only after previous plastic deformation. 

66. This is true even in the case of notch impact tests, which, 
because of the very nature of the stress, favor the formation of 
brittle fractures.'’ Therefore, if the cracks observed in the test 
bars at the transition to the flanges, or the gate, had occurred at 
the low temperature of 600 degs. Cent. (1112 degs. Fahr.), prelimi- 
nary plastic deformation might be expected. 

67. No such plastic deformation was reported. On the con- 
trary, it was found that the cracks always exhibited the charac- 
teristics of a fracture without plastic deformation. These fractures 
are explained by Koérber and Schitzkowski by the assumption that 
slightly below the temperature at which solidification sets in, be- 
tween the erystals which separate first and which form the first 
solid crust, small amounts of mother liquor melting at a lower tem- 
perature are still present. 


68. K. Singer is another proponent of the higher cracking 
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temperature. He, however, uses his theory of solidification, the re- 
filling of cracks by molten metal, to explain why cracks are not 
more frequently found. His theory will be treated in detail in 
subsequent pages. 


Factors EFFECTING THE FoRMATION OF Hot TEARS 


69. Undoubtedly there are a number of factors effecting the 
formation of hot tears in steel castings. The foundryman’s knowl- 
edge on this subject has been limited by the lack of fundamental 
research, and the result is that certain variables can be spoken of 
in only a qualitative way. It is very probable that some controlling 
factors which future work will stress more completely may be 
entirely missing from present discussions of this subject. 

70. The factors that are at present deemed most important 
in the formation of hot tears are as follows: 

(A) Contraction stresses— 
(1) Caused by mold resistance. 
(2) Caused by uncontrolled directional cooling. 
(B) Pipes or cavities. 
(C) The physical properties of the steel. 
(1) Strength at solidification temperatures. 
(2) Fluidity. 


Contraction Stresses. 

71. Mold resistance is very conducive to the formation of 
hot tears. It has already been pointed out in the review of the 
work of Kérber and Schitzkowski that mold resistance can be suffi- 
ciently great as to fracture bars. It is hard to realize that rammed 
sand can exert such a resistance to the contraction of steel that 
fractures result. 

72. The fact that some sands have a high compression 
strength and resist the contraction of the steel is not the entire 
story. The mold hardness and the amount of sand around the 
casting also are important. 

73. Take, for example, the H-shaped section such as is often 
encountered in pulley wheels, gear blanks, valve bodies and the 
like. The sand between the two flanges restricts the casting from 
moving. It is true that the sand lying next to the casting loses its 
strength as it becomes burnt and that it will allow for movement 
of the two flanges toward each other, but the casting has little 
opportunity to avail itself of this small amount of play because 
the rest of the sand mold is rigidly shaped. Thus, it is not only a 
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question of overcoming the compression strength of the sand be- 
tween the flanges, but it is also a case of overcoming the resistance 
of the entire mold to the casting movement. 

74. It is perhaps well known that green sand molds have less 
mold resistance than dry sand molds for the reason that dry sand 
molds will have a greater hardness and the sand a greater com- 
pression strength. Castings that crack in dry sand may not crack 
at all in green sand. 

75. Cores are especially responsible for mold resistance. The 
core irons and reinforcing bars offer a resistance that is difficult 
to overcome. Later on in this article, methods will be considered, 
whereby mold resistance can be materially decreased and in many 
cases eliminated. 

76. The metal itself can set up contraction stresses of such 
a nature that cracking takes place. These stresses are the direct 
result of the manner in which the casting solidifies. The concen- 
tration of these stresses usually takes place at a rapid change in 
section of the casting where the thinner portion is solidified and 
the heavier portion partly fluid. The thinner portion would be 
contracting and the concentration of these stresses will be at the 
weakest point, which is the junction of the thin section with the 
thick section. 

77. In many eases the stresses are concentrated by the solidi- 
fying metal and, as the mold resistance prevents contraction of the 
casting, hot tears are formed. It has been claimed that the con- 
centration of these stresses is caused by uncontrolled directional 
solidification. If no thought has been given to the rates of solidi- 
fication of various sections of the casting, the metal will solidify in 
such a heterogeneous manner that a thin section which has totally 
solidified will pull away from the thicker section which is in the 
critical range for crack formation. 


Pipes or Cavities. 

78. The authors consider that pipes and small cavities are 
factors in the formation of hot tears as they become centers of 
stress concentration. These views are not held by everyone. K. 
Singer’ is of the opinion that cracking is not associated with the 
formation of pipes and that the crack forms earlier than the pipe. 

79. It is hard to believe that this statement tells the entire 
story about the formation of cracks. It is quite possible that 
cracks do occur while the casting is solidifying, but it is equally 
possible that cracking may occur after solidification is complete 
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and while the casting is at high temperatures—for example, be- 
tween 1300 degs. Cent. (2372 degs. Fahr.) and the solidifying 
temperature. 

80. Pipes and cavities form at the last point of solidification 
of a section, and thus are inherently the weakest points of the cast- 
ing. It is well known that all types of cavities are points of stress 
centralization, and thus the two factors of metal weakness and 
stress concentration produce hot-tear cracks. 

81. Theorizing is all very well, but are hot tears and cavities 
found to exist simultaneously in practice? The radiograph of Fig. 
7 and the photograph of Fig. 8 show one of the numerous cases the 
authors have found in studying defective castings. 





Fic. 7—GaMMA Ray RaDIOGRAPH SHOWING PRESENCE OF A Hor TEAR EXxTEND- 
ING FROM A CAVITY. 





Fic. 8—Hor Tear ExTENDING FROM A CAVITY IN Cast STEEL SECTION. 
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82. The radiograph (Fig. 7) shows hot-tear cracks leading 
from a cavity. The photograph (Fig. 8) shows another section of 
a casting that has been machined. It will be noticed that the 
cavity is in the center of a change of casting section where an 
abrupt change is made to a much thicker section. The cracks are 
clearly seen leading out of the cavity. 

83. It has already been pointed out that abrupt changes in 
section are centers for stress centralization, and that if there is a 
lack of controlled directional cooling, pipes will form which be- 
come the point of stress application. The result is, as we see in 
the photograph, hot-tear cracks. The photographs also offer the 
suggestions that cracking takes place after solidification, or per- 
haps during the mushy stage of solidification, as otherwise the 
crack would not have been found penetrating the metal surround- 
ing the cavity, since this portion of the crack would then have 
been filled by the last solidifying metal. 

84. It frequently oceurs that an external tear is indicative 
of the presence of an enclosed pipe or shrinkage cavity, particularly 
at the radiused junction of a flange with a body. 


Physical Properties of the Steel. 

85. The information that is available on the physical prop- 
erties of steel at temperatures closely approaching the solidifica- 
tion temperature are nothing more than theories or suppositions 
resulting from an attempted interpretation of conditions that have 
been found by experience to exist. The greatest difficulty in this 
regard is that there are so many contradictory opinions that it 
must be admitted that our knowledge is very scanty. 

86. It can be seen that the formation of hot tears depends 
somewhat on the physical properties of the metal. It is true that 
the strength at these high temperatures is quite low—so low, in 
fact, that a slight change may increase the strength by 50 per cent, 
100 per cent, or more. 

87. Then, again, how important is ductility at these tempera- 
tures? Is it not possible that the metal elongates under stress at 
these high temperatures, and, if so, would it be possible to increase 
the ductility? These are merely a few of the large number of 
questions that need answering. 

88. On this question of physical properties for resisting 
cracking, there are two paramount and somewhat contradictory 
ideas in vogue. It is held by certain practical foundrymen that 
the higher the carbon (preferably 0.35-0.40 per cent), the greater 








406 CONTRACTION AND Hor TEaArs IN STEEL CASTINGS 


the strength of the steel and therefore the casting is more able to 
withstand hot-tear formation. Another group holds that the lower 
the carbon (preferably 0.20-0.25 per cent), the greater the ductility 
of the steel at the cracking temperature and the casting is then 
able to withstand hot-tear formation due to stretching or elonga- 
tion. «i 

89. Which of these views is correct, or are they both correct? 
Perhaps the carbon content is only indirectly responsible for the 
effects that are noticed. Carbon is not the only outstanding exam- 
ple of the use of alloying elements to resist cracking. 

90. It is claimed that manganese adds strength to the metal 
at temperatures just below its solidifying range, and that nickel 
toughens the metal so that it will elongate instead of fracturing. 
Perhaps there are other elements that may be alloyed that would 
increase the strength or ductility more than carbon, nickel or 
manganese. 

91. Then, too, it is well to point out that carbon, nickel, 
manganese or any other alloying element may have no appreciable 
effect at all on the strength or ductility of cast steel in the tem- 
perature regions just below the solidification range. These feat- 
ures are important and should be studied with the idea of obtain- 
ing quantitative information. Attention should also be called to 
the important role that oxygen and oxides may play in controlling 
the physical properties at these high temperatures. 

92. For the sake of clarity it is pointed out that this dis- 
cussion of alloying elements would apply only to solidified steel. 
It is rather difficult to understand how alloying elements could 
bequeath strength or ductility properties to steel in the mushy 
state of the solidification range. As cracks do exist at this stage, 
other plans for their elimination must be formulated. 

93. The Naval Research Laboratory at present has set up a 
research of this nature and, although the problem is a tedious 
one, it is expected that in the near future information on the 
strength of steel as cast at high temperatures will become available. 

94. Before leaving the subject of cracking in completely 
solidified steel, it should be pointed out that the temperature at 
which the hot tears take place will depend on the strength of the 
metal and the amount of stress on the casting. The strength of the 
metal increases very gradually from no strength at all just prior 
to solidification to what is still a very low figure at 1300 degs. Cent. 
(2372 degs. Fahr.). Rosenhain* has claimed that mild steel of the 
type used in steel castings has, in the neighborhood of 1100 degs. 
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Cent. (2012 degs. Fahr.), a strength of a little over 2000 lbs. per 
sq. in., while in the neighborhood of 1300 degs. Cent. (2372 degs. 
Fahr.) it is less than 800 lbs. per sq. in. 

95. The amount of stress on the casting is that resulting from 
hindered contraction. Just prior to solidification of the casting 
the stress would be zero, and as the temperature drops the stress 
becomes greater. No data are available as to the comparable rates 
of increase in strength or stress due to restricted contraction at 
high temperatures. It has been observed, however, that in the 
neighborhood of 1300 degs. Cent. (2372 degs. Fahr.) the stresses 
developed by resisted contraction are sufficient to crack the cast- 
ing. Below this temperature the strength of the steel increases 
more rapidly and is therefore sufficient to withstand the stresses 
that are developed by hindered contraction. 


Fluidity. 

96. French foundrymen have emphasized the importance of 
obtaining fluidity in cast steel, as in their opinion the smaller 
percentage of defects will be found in castings poured with a more 
fluid steel. There are points in favor of such a supposition. In the 
first place, the greater fluidity allows for better controlled direc- 
tional solidification and the possibility of filling up cracks. If a 
crack should form in a portion of the casting already solidified 
and the crack extends to liquid metal, then the greater the fluidity 
of the steel, the more opportunity there is for the crack to become 
completely filled. 

97. It is quite possible that fluidity is the controlling factor 
rather than strength, and that the higher carbon steels (0.35 per 
cent) are not so susceptible to cracking. Singer makes the state- 
ment: ‘‘The higher carbon steels remain fluid in the mold for a 
longer time and pieces cast from these steels are, as we know, less 
liable to erack.”’ 

98. Singer stresses the fact that fluidity is responsible for 
non-cracking. However, he has forgotten that the cracking may 
take place after the casting has completely solidified but while it 
is still at a very high temperature. Fluidity certainly would have 
no influence on such conditions. 


Types or Hot-Trear CrAcKS 


99. In the preceding discussion the factors that are deemed 
most important in the formation, or in restricting the formation, 
of hot tears have been listed. It is now our plan to examine the 
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methods of formation of hot tears. It is the authors’ opinion that 
there are two types of hot tear cracks, as follows: 

(a) The internal hot tear that develops during the 
solidification of the casting, and is caused by a lack of 
controlled directional solidification. 

(b) The external hot tear that develops after 
solidification is complete, and is caused by stresses due 
to mold resistance. These cracks occur at temperatures 
slightly below the solidification temperature. 

The Internal Hot Tear. 

100. Internal hot tears are of a decidedly ragged nature with 
numerous branches. They have no definite line of continuity and 
usually exist in groups. These tears seldom terminate at the 
surface; in fact, most of them do not. When they do appear at 
the surface they are usually very small and difficult to locate. 
Upon exploring them downward they will be found to branch out 
and become more pronounced. The radiographs of Figs. 9 and 10 
show types of internal hot tears. 





Ray RapioGRAPH OF TYPICAL INTERNAL Hot TEAR. 





Fic. 9—GAMMA 
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Fic. 10—GamMa Ray RapIOGRAPH OF INTERNAL Hot Tear ForRMATION. 


101. It has been said that the cause of the formation of these 
cracks can be traced directly to a lack of controlled directional 
solidification. It can readily be seen that the tearing is caused not 
only by the great differences of temperature in the casting, but that 
it also depends on the nature of the transition from the hottest 
to the coldest parts of the casting. A solidified section will pull 
away from a larger semi-solidified section if the transition between 
the sections is abrupt. However, if the transition is more gradual, 
the contraction forces are not so concentrated because solidifica- 
tion proceeds in a more controlled directional manner. 

102. <A lack of controlled directional solidification is also re- 
sponsible for the lack of metal, and a cavity is the result. This 
cavity may form as a crack instead of a pipe in certain heavy sec- 
tions, since the contraction of the metal toward the solidifying 
centers is sufficient to create a stress that tears the casting. 

103. These tears occur and proceed from the inner solidifying 
face outward toward the surface, since the forces of contraction 
concentrated on the section will be sufficient to tear the weaker, 
less rigid portion of metal. Once the tear has started, it easily 
penetrates the stronger metal. This hypothesis can be correlated 
with the observed facts, as it is found that in the interior of the 
casting the tears are quite large, while they appear only as small 
cracks at the surface. 

104. Encrustations and noticeable risings on the surface of 
castings have led to the opinion that crevices have formed in the 
steel casting which afterwards have been filled. Such encrusta- 
tions of the surface have been found in castings at places where 
there is a danger of cracking, usually without any cracks in the 
surface being observed. 
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105. Singer and Bennek'® have very logically explained these 
observed conditions. It is their opinion that as the walls of the 
mold were perfectly smooth at these places before the piece was 
east, the encrustation must have arisen after the shaping of the 
casting, presumably because the solidified outer skin of the casting 
was ruptured at this place, a crack being also produced in the wall 
of the mold adjacent and adhering to this outer skin, in the same 
direction as the crack in the casting. The fluid steel making its 
way into the crevice soon after the rupturing of the outer skin also 
filled the crevice in the mold and thus led to the encrustation. 

106. The filling up of cracks is a subject on which there is 
little information, although the idea is not a novel one. The prin- 
ciples involved are very similar to conditions of rock formation 
and the actions of intrusives, but certain favorable conditions must 
prevail. 

107. In the first place, the crack must open up from the inner 
solidifying wall of the casting and proceed outward to the surface. 
The steel section must be thick enough to allow for gradual solidi- 
fication toward the center of the section, and the steel must be of 
such a degree of fluidity that it will be able to flow through the 
erack to the surface of the casting. Of course, the actual distance 
through which it flows may be very short, as the skin of the casting 
may be only a few millimeters thick when the crack takes place. 
The difficulty becomes more pronounced as the solidification pro- 
ceeds. 

108. It is the authors’ opinion that the filling up of cracks 
is the exceptional rather than the usual case, for two reasons. The 
contraction stresses are not usually sufficient to crack the skin at 
the first phase of solidification when the liquid metal does not have 
to proceed far to fill them, and the fluidity of the steel is so low 
that the liquid steel could not traverse the crack when the stress 
became sufficient to produce a hot tear. The latter statement is 
based on the typical American practice of pouring heavy castings 
at as low a temperature as possible. 

109. To proceed with the supposition that cracks may be 
occasionally filled, it is suggested by Singer and Bennek that the 
cracks may be filled either by the general solidifying metal or by 
the mother liquor. In the first case the metal is forced into the 
crack under the pressure of the fluid column of the pouring gate, 
and the crack as filled will not differ in chemical composition from 
the material surrounding it. In the second case the impure, later- 
solidifying mother liquor is forced into the crack under the pres- 
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sure of the contracting crust, and the crack in filling will have a 
higher carbon, phosphorus and sulphur content than the material 
adjacent to it. 

110. Furthermore, they uphold their contention by exhibiting 
specimens of filled cracks which show segregations and, in places, 
a plainly visible transcrystallization of the filling metal in a diree- 
tion perpendicular to the walls of the crack. If a crack can be 
filled with mother liquor in the manner described, then a filling 
with liquid reservoir metal is equally conceivable. It is rather 
difficult, however, to produce proof of this fact, since the material 
of the fractured outer skin and that filling up the crack usually 
shows no noteworthy differences in chemical composition. 

111. The time at which the cracks occur in the first formed 
skin of a casting depends on the forces of contraction arising in 
the piece as it cools, hence, on the form of the piece. If the form 
is such that cracks occur in the outer skin while it is still thin, 
then these cracks may have an opportunity to be filled from the 
liquid reservoir, providing the steel is fluid enough. 


The External Hot Tear. 


112. The external hot tear develops after solidification is 
complete but while the casting is at a temperature slightly below 
the solidification temperature, and it is caused by stresses due to 
mold resistance. The reason that the crack has been termed ex- 
ternal hot tear, is that the crack first opens on the surface of the 
casting and proceeds inward. Such a crack has the appearance of 
a tear; that is, the face of the crack is ragged. The crack is wider 
at the surface and is uninterrupted in depth. 

113. The cracking or the failure of such a casting would be 
comparable to the failure of a test specimen under load at a high 
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temperature; the cracking begins at surface irregularities which 
serve as points of stress concentration. It is obvious that mold 
resistance will depend upon the shape of the casting and the con- 
ditions of the molding sand. A mold that is collapsible in the 
danger zone can render the detrimental forces of contraction less 
effective. 

114. In the study of external hot cracks, a pattern involving 
a hub and arm as shown in Fig. 11 was molded in 3 ways, (1) in 
dry sand, (2) in green sand, and (3) in green sand made more 
collapsible by hollowing out that portion between the arms. The 
radiographs of Fig. 12 show the amount of cracking as obtained 
by the variation of mold resistance. It will also be noticed that 
the cracks are wide at the surface and become smaller as they 
penetrate the metai. 

115. The casting made in the collapsible mold shows no 





Fig. 12—ExtTernaL Hot Tears AS OBTAINED BY VARIATION OF MOLD RESIST- 
ANCE. A: CasTING MADE IN Dry SAanp. B: CasTING MADE IN GREEN SAND. 
C: CASTING PropuceD IN COLLAPSIBLE GREEN SAND MOLD. 
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cracks at all. It may then be assumed that mold resistance caused 
the cracks, and that the greater the mold resistance, the iarger the 
erack. There is little possibility that these cracks formed before 
solidification was complete, since there is no evidence of large 
internal tears. 

Measures EMPLOYED To OsviATE Hot TEARS 


116. The formation and development of hot tears having 
been studied, it appears wise to consider methods that may be 
adopted to obviate the danger of hot tears, or at least to limit the 
tendency of hot-tear formation. In this regard the following meas- 
ures are employed: 

(a) Flexible molds and cores. 

(b) The use of chills at the proper places. 

(ec) The application of ribs and wedges at certain 
changes of cross section. 

(d) The use of a thermal non-conductive mold- 
ing material. 

(e) Casting in preheated molds. 

(f) Pouring from elevated temperatures. 

(g) Casting design. 

(a) Collapsible Molds and Cores. 

117. It has been stated already that flexible molds and cores 
have a beneficial effect. Considerable time must be used in pro- 
ducing such molds, and the sand recovery after molding often is 
very difficult when cinders and the like are used in backing up 
parts of the mold and in the center of cores. The use of such 
molds, of course, is limited. 

118. The data concerning the critical cracking temperatures 
show how important it is to keep molds and cores collapsible so 
that their resistance does not cause cracks. In many cases, in order 
to prevent cracking, the mold and cores must be destroyed imme- 
diately after casting. Immediate action is necessary because, ac- 
cording to the experiments of Koérber and Schitzkowski and our 
own data in the case of thicknesses of from 20 to 50 mm., a period 
of only 2 to 4 minutes intervenes between filling the casting and 
reaching the critical cracking temperature in the neighborhood of 
1300 degs. Cent. (2372 degs. Fahr.) 

119. Mold resistance arising from the negligent use of core 
irons has been repeatedly pointed out by G. Batty..® He claims 
that utmost care should be used to see that core irons are straight 
and pointed on the ends so that they will not interfere with the 
eollapsibility of the core. 
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120. Great pains are taken in European plants to obtain 
mold collapsibility by the use of relieving blocks, cinders and the 
like. All tie rods and reinforcing bars are placed in such a man- 
ner that they protrude from the ends of the flask. his prevents 
the mold resistance that would arise from the sand compressing 
between the ends of the bars and the flask. 


(b) The Use of Chills. 

121. The use of chills is always a very uncertain measure 
and their presence is likely to cause cracks, the very thing that it 
is so desirable ‘to eliminate. Theoretically, chills cool portions of 
the casting that otherwise would remain fluid longer than the sur- 
rounding portions through which the larger section is fed. If 
chills of the correct size are used, the process of directional solidi- 
fication would be aided, with the result that the formation of hot 
tears would be unlikely. In other words, the chill acts as a method 
for reducing the dimensions of the piece, and the dimensions of the 
piece as well as the fluidity of the steel at the time of pouring 
determine how long contraction and solidification continue. 

122. To overcome poor design—it is really only because of 
poor design that chills are used at all—is rather difficult. In the 
first place, the amount of cooling should be known, and the answer 
at best is only a guess. Thus, the mass of the chill is merely esti- 
mated. If the chill is estimated as a greater mass than is really 
required, then the section is over-chilled and contraction stresses 
are set up in a manner opposite to that which would have been 
experienced if no chill were used, with the possibility of the forma- 
tion of a hot tear. 

123. It has been observed that the use of too large a chill 
plate may crack a casting, due to a too-rapid development of 
shrinkage stresses. Likewise, a center of solidification is started 
which in many cases may not be desired. If the mass of the chill 
is less than that required, then solidification will not proceed as 
rapidly as is necessary to insure a sound section. 

124. The discussion above has applied, in particular, to ex- 
ternal chills. The use of internal chills is even more critical. If the 
mass of an internal chill is too large it will not fuse in, and along 
with the detrimental features just pointed out there will be the 
added one of lack of cohesion of the metal. Internal chills should 
be clean and dry, otherwise porosity is apt to result. 

125. It is the authors’ opinion that internal chills are more 
conducive to the formation of hot tears and other internal defects 
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than they are to obviate these dangers. Their use is not scientifi- 
eally controlled, and the dangers arising from their misuse are 
many. 

126. Whatever can be accomplished by chills may be at- 
tained by the use of external chills with less danger of harmful 
results. It is true, of course, that the use of external chills in- 
volves more expense, since usually it is necessary to cast them in 
advance in order that they will fit the section which is to be 
chilled. 


(ec) Application of Ribs (Brackets). 

127. The application of ribs has served to check hot-tear 
formations. They have been used rather extensively in this coun- 
try with fairly good results. Their function is to solidify earlier 
than the sections which they adjoin, and in this manner act as a 
bond in preventing cracking. 

128. Ribs do not eliminate the contraction stresses; they 
merely tend to prevent these stresses from centralizing at one 
point and rupturing the casting. The strength added to the sur- 
face skin by the presence of ribs acts to transfer converging 
stresses over a wide area. 

129. With some castings even a generous supply of ribs will 
be of no use; although the ribs themselves remain solid, cracks 
occur between them. In such cases the designer must come to the 
aid of the foundryman by providing for gradual transitions and 
smaller junctions between the sections of varying thickness. 

130. The use of wedged-shape attachments to the casting on 
which gates and risers rest often are advisable, because all meas- 
ures that are taken to prevent the formation of pipes in the cast- 
ing will effectively lessen the danger of hot-tear formation. <A 
disadvantage in the use of ribs and wedge-shaped attachments is 
their removal cost, which sometimes is considerable. 

131. A few other points should be considered in the preven- 
tion of hot tear-formation. It has been previously shown that 
contraction stresses that arise suddenly within a casting are most 
conducive to hot-tear formation. In order to take steps to prevent 
these stresses from arising so suddenly, a slower rate of solidifica- 
tion must be effected. Even if this is not entirely possible, any 
step that can be taken in this direction must have a good effect. 

132. Of course, the first suggestion is to increase the wall 
thickness of the casting, for the greater the section, the slower the 
cooling. However, in some cases this is not altogether desirable 
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or feasible. The three other alternatives that are available are the 
use of thermal non-conductive molding material, casting in pre- 
heated molds, and pouring from elevated temperatures. 


(d) The Use of Thermal Non-Conductive Molding Material. 


133. It has been noticed that a skin forms quickly when 
molten steel is poured into a mold. The thickness or degree of 
formation of the skin depends largely upon the rate with which 
the mold material can conduct the heat away from the solidifying 
casting. Thus, the chilling action of the material of the mold has 
a great effect upon the rate of solidification of the steel. 

134. If the mold material could be made less conductive of 
heat, the chilling action would be somewhat lessened. It is obvi- 
ous that sand is much better in this regard than is a metal mold. 
A molding material that would have poor conducting properties 
must also have the good qualities that sand possesses, namely, ade- 
quate refractoriness and good moldability. These properties nar- 
row the field perceptibly. 

135. There remains magnesium oxide in one form or another, 
lime (plaster of Paris), asbestos and diatomaceous earth, and even 
these have various objectionable features. Asbestos and plaster of 
Paris lack good permeability, magnesium oxide and diatomaceous 
earth have little strength, and diatomaceous earth has such a high 
porosity that it would give trouble in casting because the air en- 
closed in the pores must escape in consequence of its expansion 
upon being heated. This air may attempt to escape through the 
steel, which would cause a porous casting. 

136. It seems that, for one reason or another, these materials 
have limitations. However, they can be used in a mold, especially 
if they are used in combinations such as asbestos shreds and 
magnesium oxide or diatomaceous earth. A great moldability is 
thereby obtained and the heat conductivity considerably lowered. 
If these poor heat conductors are placed at the thin portions of the 
mold and the better conducting materials used at the thicker por- 
tions, a more even directional solidification may be obtained. 

(e) Casting in Preheated Molds. 

137. In regard to casting in preheated molds, it may be said 
that this is an excellent way to get around the excessive chilling 
action of the mold material. In a way, the same object is accom- 
plished as in the use of thermal non-conducting materials, since 
the molten steel coming in contact with the warm walls of the mold 
does not cool so rapidly. 
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138. The preheating cannot be carried on at high tempera- 
tures, since the mold will crumble from lack of bond strength; 
then, too, the process is not favorably received because it causes 
difficulties in manufacturing schedules. 


(f) Pouring from Elevated Temperatures. 


139. Pouring from elevated temperatures as a means to avoid 
hot tears probably sounds like a foolish suggestion to most experi- 
enced steel foundrymen whose slogan for years has been ‘‘ Pour 
her cold and prevent cracking.’’ This opinion is urgently in need 
of correction. Steel poured hot will give excellent castings, and 
if it is a well-made, well-refined steel, thoroughly deoxidized, it will 
not have as great a tendency to the formation of hot tears as that 
which is poured cold. A great number of steel casting manufac- 
turers do not make steel for castings but merely melt steel for 
casting; consequently, the formation of the slogan ‘‘Pour her 
cold.’’ 

140. It should be understood that the molds used in conjune- 
tion with pouring from elevated temperatures must be made of 
material which (a) will not readily be eroded by the high tem- 
perature metal, and (b) will not materially resist the progress of 
normal solid contraction of the casting. The gating and heading 
should be so devised as to insure good directional solidification. 

141. Karl Singer,’* one of the exponents of superheated steel, 
is of the opinion that the general idea that hot steel has a greater 
tendency to crack arose from the fact that the hot melts, which 
are richer in oxide, usually are not treated any differently from 
the colder melts and that the deoxidation of the steel bath there- 
fore is not carried far enough. The result of this is that the hot 
melts are more often poured with a higher oxygen content. The 
FeO, which is already separating out at the time the hot cracks 
are formed, lessens the slight tensile strength of the hot metal and 
thereby increases the danger of cracking. It is Singer’s opinion 
that oxygen, or iron oxide, is a factor in formation of hot tears. 

142. Regardless of the actual causes, the fact that steel 
poured hot produces satisfactory castings is established, and the 
reason for the greater tendency to hot-tear formation in castings 
made with hot steel cannot be attributed to the temperature. The 
pouring of a well-deoxidized steel from elevated temperatures, 
such as may be obtained from the electric furnace, will be found 
to be of advantage in casting thin-walled pieces with a tendency 
to crack. 
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143. If it is assumed that hot tears form during the transi- 
tion of the steel from the plastic to the solid condition, then it can 
be shown that the temperature of the steel as poured is very im- 
portant. For example, a high casting temperature will allow for a 
slow solidification of the casting, as the mold metal interface is 
superheated. Shrinkage stress will not arise suddenly, and a more 
uniform directional solidification can take place. 

144. An advantage of low-temperature pouring is that a sub- 
stantial elastic crust, capable of absorbing quite high tension 
stresses, forms while the mold is being filled. One of the disagree- 
able things arising from the use of low-temperature steel is the 
increasing proportion of entrapped gases. The thickly fluid steel 
should be limited to heavy sections. The principle of directional 
solidification should always be used. 

145. Thin-walled sections that are liable to crack should be 
poured with superheated steel. Allowance must be made, of course, 
for the extra liquid contraction that takes place and for obtaining 
a well-made steel. 

146. In summing up these points, it is the authors’ opinion 
that the principal advantage of retarding solidification lies in the 
fact that an equalization of temperature takes place in the crust 
first solidified. By keeping the steel fluid in the mold for a longer 
time, directional solidification can be more readily controlled and 
suddenly applied stresses more easily eliminated. 


(g) Design. 

147. Ina paper of this type the question of design should be 
given some attention. There is much to be said on so important 
a question, but to present a thorough study of it is not within 
the scope of this article. 

148. There are as yet no definite rules of design which can 
be promulgated for every case, but it is possible to take specific 
eases and from them point out some generalities which might ap- 
ply to similar designs. This has been done so frequently in the 
past that it is hardly necessary to mention more than a case or 
two until such a time as, we hope, more definite knowledge will be 
available to enable us to state what is the best design. 

149. <A study of proper design must include all of the factors 
mentioned previously in this article. It is scarcely to be expected 
that the most expert of designers will possess knowledge of the 
possibilities and limitations of foundry practice. Real cooperation 
should exist between the designer and foundryman in order that 
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both may profit by the economies in time and money thus effected. 

150. Statements of this kind have appeared so frequently in 
recent technical papers that they are no longer novel. In spite of 
this fact, no great steps toward cooperation have appeared. It 
may be true in isolated cases that a genuine endeavor is made to 
bring about an understanding between the foundryman and his 
customer, but such cases are rare and do not apply to the industry 
as a whole. 

151. In most cases the founndryman never sees the pattern 
until it arrives at his plant to be molded. Then, even though he 
knows it should be modified, he usually says nothing for fear he 
may lose the order or cast reflections upon his own ability. In 
many cases he would be money ahead if he did lose the order. 

152. “Most foundrymen will agree that a great many designs 
are unnecessarily difficult for foundry production. They are also 
agreed upon the fact that each casting is a problem in itself, and 
that foundry practice is an art and cannot be bound by definite 
rules or regulations. 

153. The authors agree whole-heartedly with the first state- 
ment, but not entirely with the second. It is true that each cast- 
ing as it is designed now is more or less a problem in itself. Even 
so, there are many general rules which apply to all castings and 
which every foundryman uses, subconsciously or otherwise. 

154. However, there are at present no rules or limitations 
which apply to the designer. His main purpose is to design a 
casting that will perform the desired task with a minimum amount 
of weight and be at the same time pleasing to the eye. He has no 
knowledge of and as a rule is not concerned with the difficulties 
which may be met in production. He seldom realizes that in many 
cases he jeopardizes the entire casting for a small loss in weight or 
a slight gain in ‘‘beauty.’’ 

155. Accumulations of material are among the greatest dan- 
gers tending toward pipes and cracks. For constructive reasons it 
is not always possible to avoid them, but the designer can minimize 
the danger by providing gradual transitions from light to heavy 
sections. 

156. Heuvers'! has suggested a ‘‘simple and convenient meth- 
od whereby the influence of individual cross-sections may be de- 
termined.’’ This consists merely of inscribing circles within the 
cross-sections to be examined. The value of the method can readily 
be illustrated by examining the two radiographs (Fig. 13) of ribs 
of two sizes joined to sections of an identical cross-section. 
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Fic. 183—GamMma Ray RapioGRAPHS SHOWING INFLUENCE OF INDIVIDUAL AD- 
JOINING SECTIONS. 
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Fig. 14 (LEFT)—INSCRIBED CIRCLES AS APPLIED TO ADJOINING SECTIONS. 


Fic. 15 (RIGHT)—-APPLICATION OF INSCRIBED CIRCLES AS AN AID TO DESIGN IN 
A Ris SECTION. (AFTER HENVERS.) 


157. In the diagram (Fig. 14) these two sections are shown 
with the circles inscribed. It will be noted that the inscribed 
circles in each arm of the first T-section is 3 inches in diameter, 
whereas at the junction of the arms the diameter is 3-29/32 inches. 
In the second T-section the rib is but one inch thick and the in- 
seribed circle has a diameter of 3-5/32 inches. 

158. The radiograph of the larger cross section shows a flaw 
in the larger circle representing the accumulation of material. The 
second radiograph also shows a flaw, but one considerably smaller 
than the other. 

159. Other instances where design could be improved are 
made clear by two further examples. The first, shown in Fig. 15, 
is merely a section of a tube designed with a rib or foot such 
as frequently serves to support pipe sections. The design usually 
chosen is represented on the left. A design recommended by 
Heuvers and used to some extent in Europe attains the same pur- 
pose, and although it is less pleasing to the eye, is decidedly pre- 
ferable from the standpoint of foundry technology. ‘The accumula- 
tion of material in the design on the left, as shown by the areas 
of the inscribed circles, is 80 per cent greater than that of the 
more correct design. 

160. The second example (Fig. 16) is a portion of a com- 
mercially designed valve body. The right half of the cross-section 
shows the original design; the left half has been modified by the 
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Fic. 16—DIRECTIONAL SOLIDIFICATION AS APPLIED TO A VALVE Bopy. 


authors. The dotted lines indicate portions that are to be removed 
by machining, and the arrows indicate what the authors believe 
would be the direction of solidification. 

161. The changes in section on the modified side are all grad- 
ual and tend to reduce the accumulation of material or to produce 
controlled directional solidification. Using Heuvers’ method of in- 
seribed circles to examine the casting, it will be noted that circle 
A, representing the average wall thickness, has a diameter of 
11% in.; and that cirele C, representing the original design, has 
a diameter of 21% in., or an increase of 186 per cent in accumu- 
lated material. 

162. By modifying the casting somewhat, a section as shown 
by circle B of 134 in. diameter may be obtained. This represents 
an inerease in accumulated material of 36 per cent, which, al- 
though not perfect, is decidedly better than the original design. 

163. The modifications on the flanges are similar to those 
pointed out by Wheeler”? and, although they apparently cause 
an accumulation of material, simplify matters greatly by intro- 
ducing controlled directional solidification. By examining the ar- 
rows on the original design it will be noted that, as solidification 
will begin at the thinner sections, points D, D’ and D”’ will solidify 
first and solidification will proceed from these points. It then be- 
comes apparent that, as far as feeding the hot point F is con- 
cerned, the heads E and E’ are worthless. The head EF cannot feed 
beyond the section D, the head E’ beyond the section D’, and the 
appearance of a cavity at F is highly probable unless other pre- 
cautionary measures are taken to obtain directional solidification. 

164. If the modified design is examined it will be seen that 
solidification is more or less controlled and will proceed toward 
the heads and thus maintain an open avenue for ‘‘feed metal’’ 
until the head itself has solidified. To obtain this end the head 
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must be carried down the side of the flange, as otherwise the head 
itself might solidify before the heavy portion of the flange. 

165. The studies on the formation of hot tears are in their 
infancy, and plans for a more complete research have been formu- 
lated. In the radiographic inspection of castings being purchased 
by the Navy, many conditions of external and internal hot tears 
have been observed. The fact that there are so many contradictory 
opinions regarding the nature and conditions of their formation 
has led the authors to express the above notes in the hopes that 
there will be greater cognizance of steel castings’ most formidable 
defects, namely, the hot-tear formation cracks. 


SUMMARY 


166. Casting solidification involving the principle of equal 
cooling throughout is undesirable. Such conditions should be re- 
placed by the more natural method of directional solidification. 
Controlled directional solidification is successful only when cer- 
tain principles of casting design are adopted. These principles 
stress the importance of feeding smaller sections through heavier 
ones and by studying mass effect by the use of inscribed circles. 

167. Metal contraction and hindered contraction resulting 
from mold resistance is responsible in the major part for the ex- 
istence of hot-tear cracks in steel castings. Other important fac- 
tors are cavities and the physical properties of the steel. 

168. There are two types of hot-tear cracks, (1) the internal 
hot tear that develops during the solidification of the casting, and 
(2) the external hot tear that develops after solidification is com- 
plete but while the temperature is about 1300 degs. Cent. (2372 
degs. Fahr.) 

169. Intelligent application of certain principles in casting 
design is one of the most important of seven methods that may be 
adopted to obviate the danger of hot tears, or at least to limit the 
tendency of hot-tear formation. 
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WRITTEN DISCUSSION 


R. A. Butt’: The authors have chosen for their contribution a subject 
that always has been and will be of great practical significance. For- 
tunately for the needed progressive acquisition of definite kriowledge of 
phenomena that occur in steel from the time it enters the mold until the 
casting reaches room temperature, the authors are adding scientific data 
to those previously ascertained on the same subject. 


Accompanying the accumulation of any such purely scientific data, 
there should be an evaluation of it in the light of practical founding, to 
avoid unnecessary expenditure of time and money for prosecuting certain 
lines of investigation that might be carried on, and would have only what 
generally is termed academic significance. This comment is not made to 
discount the results of researches by the authors, but for the possible 
benefit of persons who may be prompted to investigate phenomena that 
occur in steel founding without fully taking into consideration the rela- 
tionship that should be maintained between the development of facts of 
essentially scientific character and the economic application of such 
information. 


I regret that I cannot supply useful experimental data accumulated 
in substantially the same way chosen by the authors. My compliance 
with their request to discuss the paper will take the form of comments 
prompted mainly by manufacturing experience. The following observa- 
tions are made to strengthen the bond of co-operation between the more 
scientific investigators and the many steel founders who strive continu- 
ously to apply in practice the results of technical research. 


For the purpose of preventing misunderstandings, the authors present 
several definitions. I submit a question regarding the term pipe, defined 
by the authors as a cavity in the solidified metal caused by contraction 
and formed during the change from the liquid to the solid state. The 
term as thus used is not employed universally in steel manufacture. 
Probably the phenomenon giving rise to the use of the word pipe to 
describe it in that industry, generally is thought of in connection with 
the contraction occurring in the top of an ingot. Presumably the word 
pipe was chosen for that condition because the nature of many of these 
contraction cavities in ingots resembles in some degree the hole in a pipe. 


As the authors employ the term pipe, they mean, not a hole of par- 
tially cylindrical conformation, but the condition familiar to every steel 
foundryman, which often is rather hard to describe. More often than 
not in the steel foundry, such a condition is termed a shrinkage cavity. 
The word cavity can not be restricted correctly as to the general shape 
or dimensions of an opening. There are defective conditions in steel 
castings in which actual cavities are not visible to the naked eye but 


1 Consultant on Steel Castings, Chicago. 
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are uncovered by such a process as deep etching. That is one boundary 
of a wide range, the opposite one is the well defined, large opening. 
Purely in the interests of accurately descriptive nomenclature and te 
prevent misunderstandings by any who study such valuable contribu- 
tions as the one by Messrs. Briggs and Gezelius, it is suggested that they 
substitute for the word pipe, the word cavity, or another word that will 
not connote a cylindrical hole. 


With further reference to terminology, I would point out that the 
authors describe tears that occur after solidification “during cooling from 
solidification temperature to room temperature,’ as cold cracks. Such 
defects are not cold cracks, actually or in the sense meant by those 
words as customarily used by steel foundrymen. The employment of a 
term that is out of the ordinary and is less accurately descriptive may 
lead to misunderstandings. Every trade has its peculiar lingo, and the 
steel foundry has a phraseology of its own. It should be changed only 
for the purpose of clarification. 


The authors appear to have found, after examining literature on 
‘sasting solidification, that most men who have contributed information 
on the subject have finally pointed out that if a casting could maintain 
an equal cooling rate and solidify uniformly throughout, there would be 
less defects from cracks and that such a desirable condition may be 
reached by retarding the cooling of the thinner parts and chilling the 
thicker parts to equalize temperatures. The authors of the paper state 
that this “is a nice picture but is fundamentally unsound for several 
reasons.” Then, they enter into the discussion of what they call direc- 
tional solidification, and state that “solidification by uniform cooling must 
be discarded,” and be displaced by directional solidification. 


It seems desirable to comment on these references, because other- 
wise either a wrong impression might be created as to the actual opinions 
held by the authors or as to the actual facts. 


It matters not so much by which one of several usable terms we 
describe the condition of progressive solidification and the fair approach 
to uniformity in temperature of various members in a newly-poured 
steel casting. It does matter considerably to have no one get the im- 
pression that it is unsound fundamentally to strive for a condition of 
fairly uniform cooling of sections, preferably always by intelligent de- 
signing, but capable of accomplishment to some extent by artificial 
means. Among these are the internal and external chills referred to by 
the authors, and in some cases other expedients, such as the flow of cold 
water through a portion of the mold. The latter effort is applied seldom 
and rarely would be advisable, or economical, or other grounds, but it 
has been made successfully. 


A careful reading of the entire paper discloses no intention of the 
authors to discount the value of equalizing temperatures in the casting 
members, as the result of design or of chills. Indeed, the authors very 
properly emphasize these factors, but in the absence of these comments, 
some who may not study the entire paper carefully, might get the wrong 
impression. In any case, it seems to me that in the interests of truth, 
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the authors took the chance of being contradicted vigorously by declaring 
as fundamentally unsound the reduction of cracking defects by equaliz- 
ing temperatures by design of molding expediments. Unquestionably, 
each of these procedures is fundamentally sound and distinctly helpful. 


The authors state that it has been known for some time that certain 
processes produce a more fluid steel at lower temperatures, than do other 
processes. They refer particularly to converter steel, and point out that 
it is for this reason as much as any other that European foundries have 
maintained the converter practice. Following this declaration, the 
authors state that the degree of difference in fluidity of the best made 
open hearth steel and of electric steel, of acid steel and of basic steel, is 
not known definitely. They then ask a question as to whether tempera- 
ture or fluidity is the more significant element, and say: “We are in- 
clined to believe that fluidity is of greater importance, since the primary 
consideration of every foundryman is to run the casting completely.” 


There is no question in the minds of casting producers as to whether 
fluidity or temperature is more important. Necessities of production put 
fluidity firmly in the dominant position and no one worthy to be called 
a foundryman maintains that fluidity and temperature are always in 
absolute step with each other. It has been known for a long time that 
chemical composition is an important factor influencing the fluidity of 
molten steel. Thus, it is established that, other things being equal, the 
lower the carbon content in common steel and in most grades of simple 
alloy steel, the lower is the fluidity. Probably nobody knows all of the 
factors that influence fluidity beside the admittedly dominant one of 
temperature. Certainly, it appears that constituents other than the ele- 
ments usually determined in chemical analysis have an important effect on 
fluidity. It has been the observation of numerous foundrymen that the 
regular grade of converter carbon steel for castings is more fluid at 
what appears to be a given temperature than is the regular grade of 
electric carbon steel for castings but it is most difficult to establish 
quantitative data on such points. The effect of any oxides might be 
counteracted or intensified by differences in chemical compositions as 
conventionally ascertained, or by analysis made to identify elements 
usually undetermined. 


However this may be, I do not believe that the maintenance of con- 
verter steel foundry practice in Europe to much greater extent than in 
America at the present time is due largely to the superior fluidity of 
converter steel. From what information I have been able to obtain, the 
chief factor that has served to maintain the converter in some foreign 
steel foundries, notably those in England, has been the cost of electric 
power as compared with the cost of suitable materials for converter steel 
manufacture. Naturally, another element entering into all such matters, 
is the greater tendency of American manufacturers (up to 1930) to make 
investments of substantial amounts for installing the latest equipment. 
The more conservative attitude abroad in such respects is well known. 
Without some such comment as this, some might get an erroneous opinion 
regarding the claimed greater degree of fluidity of converter steel, over 
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steel made by any other process, for castings. And in any case, it may 
be said truthfully that superior steel, adequately fluid, for any purpose 
suitable for castings, may be made in electric furnaces; and that open 
hearth steel may be produced fluid enough to meet the demands of foun- 
dries imposing no more restrictions on themselves as to sizes of castings 
than are logical, as based on heat size and general shop equipment 
adapted for open hearth casting production. This is another way of 
saying that there are more limitations than fluidity, which place eco- 
nomical restrictions on open hearth plants as to the preferred sizes of 
eastings to be produced profitably. 


* 


The authors have mentioned the discovery by an officer of the U. 8. 
Navy recently that a fluidity test has been used in European steel foun- 
dries, particularly in France, to get an indication of the correct tapping 
or pouring conditions. The authors do not attempt to verify the claims 
made regarding the utility of such a fluidity test. A test casting for such 
a related purpose (applied to cast iron) was described before the A.F.A. 
in an exchange paper* contributed in 1927 by C. Curry on behalf of the 
Association Technique de Fonderie de France. This prompted experi- 
ments in some American steel foundries along similar lines. I know of 
several such plants which spent some time for this purpose, without 
reaching the conclusion that such a test casting offered advantages in 
connection with casting steel. It is conceivable readily that the device 
might be useful for cast iron, while not satisfactory for steel, because the 
shorter fluid life of steel as compared with iron naturally results in mag- 
nifying for steel, the importance of some factors which may be disre- 
garded largely in connection with fluid cast iron. Reference to the 
European utilization of the scheme may make it worthwhile to mention 
briefly several factors that need to be maintained uniformly, such as the 
temperature of the mold when poured, the condition of the surface of 
the mold as to permeability and constituents that may produce porosity, 
and the condition of mechanically made outlets for risers or vents in 
molds. Another factor, admittedly difficult to regulate but important, is 
the method of filling the test mold with metal. If the French steel 
foundrymen have succeeded in taking care of all such conditions and 
have developed an economically usable test casting that guides them in 
getting the desired fluidity of their steel, they are entitled to much 
credit. 


The authors have contributed some interesting information on the 
subject of shrinkage characteristics of acid and basic steel, after taking 
measurements under shop-laboratory conditions to develop usable infor- 
mation. It was found that the shrinkage characteristics of acid and 
basic open hearth steel were the same. My reading of the data covering 
this, makes me wonder whether the authors may have made the error 
of associating too closely the tendency to shrink and the resistance to 
shrinkage stress. These may be quite different characteristics. Probably 
it would be difficult to establish the difference between them, whatever it 


* Test Bars to Establish the Fluidity Qualities of Cast Iron, Trans, A.F.A. 
vol. 35, pp. 289-306, 1927. 
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may be. I do not think we can assume, however, that a steel that has a 
high shrinkage characteristic always has solely for that reason, and in 
inverse proportion, a low resistance to cracking. The effects of sulphur 
and some other constituents may be very important. The foundryman 
knows that high sulphur makes steel red short, without noticeably in- 
fluencing the degree of contraction or shrinkage of the steel. The foun- 
dryman also knows that high phosphorus increases fluidity, without ap- 
parently affecting the degree of shrinkage or producing red shortness, but 
developing cold shortness. It seems to me incorrect to apply the term 
“conducive to cracking” analogously with the shrinkage characteristic. 


In speaking of contraction stresses the authors remark that it is 
“hard to realize that rammed sand can exert such a resistance through 
the contraction of steel, that fractures result.” However, examination 
following pouring of many molds that have been oven-baked probably 
will eliminate any wonder that sand used for molding can produce hot 
fractures in steel castings. There are many molds formed of such 
materials, when baked, and when subsequently in contact with the molten 
metal, as can be appreciated readily as offering much more than the needed 
resistance to contraction stresses, to produce a “shrinkage crack.” This 
has given rise to a tremendous range in the degrees of compressibility ot 
steel casting molds“ The skilled foundrymen adapts the conditions to 
suit the design. 


The authors make some statements that indicate their belief that the 
internal hot tear is not caused by mold resistance. However, it has been 
my observation that sometimes mold resistance causes an internal crack, 
if we include every crack that is invisible at the surface under that 
ierm. There are occasions when, seemingly because of the resistance of 
the mold, its obstructive influence on the plastic or semi-plastic casting at 
a critical point causes a rupture, after the skin of the casting has frozen 
so quickly as to resist fracture. In such cases, the hot tear extends to 
the very skin, and is in effect a surface tear, although the surface of the 
casting exhibits no imperfection. 


The authors indirectly indicate their belief that an internal chill may 
be of such nature and the section of the casting may be of such size as to 
completely fuse the chill with the casting. I have yet to have demon- 
strated fully to me the complete fusion of any internal chill, when 
meticulously examined, as by deep etching. Such a scrutiny has disclosed 
the failure of very thin, clean chaplets to unite firmly and completely 
with very hot steel, in members of moderate thickness. Even so, unquali- 
fied condemnation of the internal chill is not justified. Such a device 
occasionally is very useful, as in forming a thick boss surrounded by thin 
members when the boss is to be drilled but needs to have thoroughly 
homogeneous metal lining the hole. 


The authors rightly stress the need for cleanliness and dryness of all 
chills but I think they go too far in claiming that “whatever can be ac- 
complished by chills may be attained by the use of external chills with 
less danger of harmful results.” Certainly the use of internal chills is 
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not required for the satisfactory manufacture of the great majority of 
steel castings, and usually the external chill is the better one to employ. 


The authors indicate a strong preference for steel castings poured 
hot, and are opposed to the practice which they attribute correctly to 
most experienced steel foundrymen, of pouring at as low a temperature 
as will successfully run the job. The authors declare that this procedure 
is “urgently in need of correction,” but they present no evidence to sup- 
port their opinion. Therefore, its value must be discounted in the face 
of the generally acquired belief, based on broad observation in making 
steel castings, that many difficulties from hot cracks are avoided without 
producing counteracting troubles of equivalent significance by pouring 
castings with metal merely hot enough to properly fill all mold cavities. 
I believe that long experience of any man in personally directing shop 
practice for producing large steel castings of such design as to make 
them susceptible to shrinkage cracks, would be apt to make such a 
person oppose the pouring of those castings with metal any hotter than 
required for the complete filling of the mold. Incidentally, this is one of 
those questions that are extremely difficult to settle by a conventional 
research procedure conducted for the purpose. Probably judgment formed 
after extended observations as to time and variety of castings affords 
the best practical guide for practice. 


The paper terminates with very constructive comments on steel Cast- 
ing design. The authors should be commended highly for stressing this 
vital factor, which has never been given the attention it deserves, either 
by steel foundrymen as a class, or by consumers. Occasionally, some of 
us are inclined to criticise purchasers for requiring metallurgical mou- 
strosities to be made in cast steel. However, we have no basis for criti- 
cising consumers on this count except when we have pointed out to them 
in a way that they can understand, those elements of design that must 
be observed when the objective is to secure a high degree of resistance 
in each member of the casting. Messrs. Briggs and Gezelius should be 
thanked by foundrymen for emphasizing such matters. They are to be 
commended and encouraged in connection with the careful investigation, 
now partially reported, which is apt to result progressively in valuable 
information for the steel casting industry and for the industries served 
by it. 


F. A. MeLMoTH?: Steel founders of the enlightened type, and there 
are indeed very many, have closely studied solidifying conditions, and, 
although as a class they may be somewhat diffident about entering into 
highly theoretical discussions involving complex physical proofs or ex- 
planations, they have tried quite honestly to apply their deductions to 
everyday practice. While steel founders are ready and anxious for the 
assistance and elucidation offered by purely theoretical deductions, the 
fact remains, and must be given due significance, that millions of tons of 
steel castings have been made of all sorts and conditions of types which 
have stood successfully all service demands made upon them. 


2? Detroit Steel Casting Co., Detroit. 
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The problem is definitely two-sided. The most accurate knowledge 
of fundamental facts regarding solidification will not make a good casting 
unless such casting is designed in the light of that fundamental knowl- 
edge. As a definite case in point, I would take the arguments raised by 
the authors on cooling conditions from the liquid to the solid state. The 
term used by the authors, directional solidification, is somewhat new in 
wordage, but the principle underlying it is well known, and is often re- 
ferred to as progressive solidification. Viewed this way, our under- 
standing would be that perfect design would permit of controlled solidi- 
fication of a progressive type throughout the casting, the final contraction 
being cared for adequately by a reservoir of liquid metal, that is, a feeding 
head. 


While sundry expedients permit of alleviation of the bad conditions 
set up by deviation from this main principle, not any one of them is 
free from jeopardy or unreliability of action. Therefore, we arrive at 
the point so strongly stressed by steel founders, that these matters be- 
come largely ones of educated design, and, in my opinion, this is the very 
heart of the whole matter, namely, the opportunity offered by design, 
for the application of sound, theoretical knowledge of solidification 
conditions. 


Dealing specifically with one or two other points of the paper, in the 
first place, I would refer to the recommendation given for a standardized 
fludity test. The drawbacks I see to this test are ones of manipulation. 
It is difficult to standardize time, and with a small sample spoon small 
variations are extremely effective. Speed of pouring is also a possible 
variable, although this might be mechanically overcome. 


A reference also is made to the comparative tendencies to cracking 
exhibited by acid and basic, open-hearth steels. It does not appear es- 
sential to me to connect any possibly differing behavior in this respect 
with comparative shrinkage. Two heats of acid open-hearth steel made 
differently will manifest great differences in their behavior where cracking 
is concerned, and what often is referred to as tender steel is a well- 
known material. This suggests the existence of a variant tending towards 
intercrystalline weakness round about solidification temperature. 


I am in agreement with the authors’ formed opinion as to the tem- 
perature at which tearing occurs, and a practical confirmation exists in 
the fact that generally it is accepted that where relieving of any kind is 
practiced, such work must be done very early to be of any use. In fact, 
many old and experienced workers in the trade, for whose opinions I 
have the greatest respect, are confident that relieving is useless, as it can- 
not be done early enough to be effective. 


The authors’ remarks that mold resistance is conducive to hot tears 
could easily and truthfully read that mold and core resistance is always 
the cause of external hot tears where design is of a certain type. It is 
hard to imagine a casting tearing if it could solidify free from any inter- 
ference with natural contraction; but we are obliged to have a mold. 
Not only so, but we must have one made of such material, and so firmly 
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constructed, that it will withstand the weight and erosion of very hot 
liquid steel. 


Pipes are contributing factors to the formation of hot tears, but not 
necessarily directly and mechanically. A pipe is obviously a definite 
indication of the termination of some temperature gradient, and must be 
the high side of it. If this is so, then we must have a hot point during 
and immediately after solidification. The result is a stress concentra- 
tion and the situation is aggravated by the presence of a weakening 
defect. 

It is admitted that our knowledge of fundamental facts relative to 
the strength of steel at temperatures just below solidification is scanty. It 
is really more than that, it is almost non-existent, but deductions which 
are demonstrated by practice and which offer possibilities of effective 
remedial measures cannot be passed up as useless. For instance, perhaps 
we could justly describe the high temperature weakness to a lack of 
cohesion between newly formed crystals. If so, anything tending to lower 
this cohesion aggravates the weakness. Non-metallics of certain physical 
form, either in this way or by their action in effecting crystalline forma- 
tion, may quite easily exert an influence. We all seem to arrive at the 
point, in any case, that pure clean steel tears less. Ductility of the indi- 
vidual crystals means nothing from the standpoint of hot tears, assuming 
that lack of cohesion between crystals has any significance. They cannot 
possibly stretch if they do not hold together. Perhaps there is some 
significance in the point that a steel made of 0.3 to 0.4 per cent carbon 
is more likely to be in decent condition than one of 0.15 to 0.20 per cent 
carbon, to which great care has not been given. A further point on this 
may also be interesting. Low cohesion, with large shrinkage spaces, 
appears more logical to me with very low carbon. Perhaps crystal shape 
and size have more significance than has been credited to them. Man- 
ganese also tends to crystal refinement in cast structures and it is a 
fact that in my own experience medium carbon, plus a generous man- 
ganese content, has been found best for certain intricate jobs of a type 
involving a high degree of mold and core resistance. 


As I cannot imagine a condition where hot cracks form and refill 
from the main body of liquid steel, I do not find it easy to associate 
fluidity with a less tendency to hot tears, excepting, possibly, in the fol- 
lowing fashion. A casting made from fluid steel is cleaner, smoother, and 
freer from surface imperfections, such as sand inclusions and surface 
enfoliation. It is realized that many of these types of defect can form 
points of local weakness, tending to stress concentration and rupture. In 
this way, fluid steel may contribute favorably to the hot tear question. 


The only effect that I can see as a result of the use of preheated 
molds is a retardation of heat extraction, resulting in a general tendency 
for the casting to more nearly approach its solidification point as an 
entire mass before the formation of external envelopes of solidified 
metal; in other words, to reduce the time during which both liquid and 
solid phases exist together in the casting. This might certainly assist 
from the standpoint of internal tears. The characteristics of many core 
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materials prohibit a high degree of preheating, and I would not be very 
optimistic of any real advantages to be gained. 


On the question of pouring from very high temperatures, there is a 
diversity of opinion among practical steel producers. Over a period of 
many years I have gradually, and entirely as the result of extended ex- 
perience, formed the opinion that definitely cold casting is not good. 
Equally am I convinced that definitely hot casting is not good. The 
terms hot and cold are purely relative, and can be used correctly only in 
relation to the job in hand. Bearing this in mind, I would say, as a 
matter of personal opinion, that the correct temperature to pour any mold 
was that at which the steel completely and cleanly filled the mold cavity, 
giving a replica of the pattern in the desired detail. Anything over that 
is superfluous, means cost in steel making, danger in handling, excessive 
erosion of molds, increased abserption of mold gases, and a distinct 
tendency, in molds capable of being burnt hard, to an increased tearing 
hazard. 


I would like finally to congratulate the authors on the thorough ex- 
amination they are making of the whole subject. We cannot always 
hope to agree with them in full, but we can assure them of our earnest 
attention and co-operation in the work they are doing. 


W. Harvey Payne*: A study of metal solidification is always a 
most interesting subject to the foundryman. Fluidity of metal to be cast 
is very important and skilled melters accurately judge fluidity by the way 
the last metal flows from the test spoon. Temperature is judged by other 
methods, such as “freezover” tests and “color” for lower temperature range 
metals, or special measuring apparatus such as optical pyrometers, ete. 


Fluidity of metals is a function of temperature plus gas content. A 
steel or iron heat that is fully degasified will have less fluidity for a 
given analysis and temperature. This is demonstrated time and time 
again. When an electric furnace replaces a converter in a steel foundry, 
we always look for the pouring crew to complain about fluidity of the 
better degasified electric furnace metal. 


I have in mind two specific cases of fluidity of steels made under a 
highly reducing carbide slag in a basic furnace. The complaint in both 
cases was lack of fluidity. The quick answer in both cases was to give the 
heat a small dose of mill scale. I have seen this same thing in iron. 


Easily over-killed steels in an electric furnace will have less fluidity 
than steels made in an open hearth simply because of the difference in 
gas content. However, steels of desirable fluidity may be made in either 
types of equipment by proper furnace operation. 


Since a given casting design calls for certain fluidity of metal to run 
it, metal which is relatively too thoroughly degasified must have a higher 
temperature to flow the particular casting properly. Practice of many 
years tells us that it does not pay to pour the molds too hot. 


Careful distinction should be made between the terms “de-oxidized” 


3 Pittsburgh Lectromelt Furnace Co., Chicago. 
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metals, “killed” metals and “degasified” metals. Metals may be deoxidized 
without being completely killed or degasified. The term killed metal 
usually refers to metal which does not kickup in the mold heads or risers. 
I feel safe in stating that killed metal does not necessarily mean thor- 
oughly degasified or deoxidized, although it generally is accepted that 
they go together. 


I wish to state emphatically that there is a great deal that we do not 
know about the effects of minor gases in metals, although we do know 
from real experience that gases cause some of our casting troubles, if we 
can always assign proper causes to conditions. I here refer to gases in 
metal which we pour as good metal. 


A. W. Lorenz‘: The authors are to be complimented on presenting a 
paper which so clearly outlines the mechanism of the formation of hot 
tears. This paper gives to the foundrymen, perhaps for the first time, 
an intimate understanding of the value of those preventive practices 
with which he has long been familiar. 


I am inclined, however, to disagree with some of the authors’ com- 
ments or hypotheses with respect to the effects of thoroughly-deoxidized 
steel. What is implied by the term “well-deoxidized steel,” thoroughly- 
deoxidized steel? The following statements are quoted: 

(1) “Steel poured hot will give excellent castings, and if it is a 
well-made, well-refined steel, thoroughly deowvidized, it will not have as 
great a tendency to the formation of hot tears as that which is poured 
cold. A great number of steel casting manufacturers do not make steel 
for castings but merely melt steel for casting.” 

(2) “The pouring of a well-deovidized steel from elevated tempera- 
tures, such as may be obtained from the electric furnace, will be found to 
be of advantage in casting thin-walled pieces with a tendency to crack.” 

Beginning with the introduction of the electric furnace in the steel 
foundry, foundrymen made a conscientious effort to produce thoroughly 
deoxidized steel, but the results were disappointing. Instead of proving to 
be an ideal material, it was found to have a number of drawbacks, and it 
now is conceded generally that one of the chief of these drawbacks is a 
lack of fluidity. Electric steel men are well acquainted with the lifeless- 
ness and rapid setting qualities of highly-reduced steel, even when cast at 
temperatures considerably above normal. Consider on the other hand 
the high fluidity, as mentioned in the paper, of converter steel, the 
product of a distinctly oxidizing reaction. 


These observations point in only one direction, namely, that fluidity 
is promoted by oxidation, and while the authors of the present paper 
imply that very little is known about the cause and control of fluidity, 
there is certainly a widely accepted opinion in the casting industry that 
fluidity and oxide content go hand in hand. 


H. D. Phillips, in Foundry, March, 1933, states: “A steel lacking in 
iron oxide would be expected to have a higher fluid and solid contraction 
than an otherwise normal steel. This is so, and such steels cause more 


* Bucyrus-Erie Co., South Milwaukee. Wis. 
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rejections than normal steel due to pipe cavities, hot cracks, etc. In the 
absence of this iron oxide the requisite fluidity must be obtained at the 
expense of temperature.” 


Phillips further quotes Batty as having been first to call attention, in 
1923, to the influence of iron oxide on fluidity. 


During the past 2 years, the writer has had the opportunity of ob- 
serving the performance of a basic open-hearth and a basic electric fur- 
nace working side by side on the same class of work. During this period, 
it was demonstrated beyond doubt that basic open-hearth steel was the 
more fluid, yet the basic electric steel was certainly “thoroughly deoxi- 
dized” under a carbide slag, while the basic open hearth process is rated 
as highly oxidizing. On the other hand, when the basic electric practice 
was modified to dispense with the carbide slag and finish up under 
slightly oxidizing conditions, there came, in the opinion of the men in 
the shop, a decided decrease in the number of cracked castings. 


All of the above evidence is submitted to show that the authors’ be- 
liefs with respect to the necessity of obtaining thoroughly deoxidized steel 
are not compatible with their further conclusions regarding fluidity, unless 
by “thorough deoxidation” they mean merely that final deoxidation with 
silicon and manganese which is common to all steel making processes. 


Gerorce Barry’: A first reading of the paper impresses one with the 
magnitude of the subject which the authors have undertaken to investi- 
gate and it is certain that as investigation evokes facts, such facts may 
be found in conflict with opinions heretofore held by many of us in the 
steel castings industry. It is also well to remember that the interpreta- 
tion put upon data may vary with individuals and so we come to have 
diversity of opinion in relation to facts. 


In their opening paragraph the authors make a statement which will 
be disputed by some of us but which may be perfectly true so far as the 
authors themselves are concerned. I refer to the statement, “It is sur- 
prising to note how little experimental data are available on the actual 
physical processes which occur during the solidification and contraction 
of steel castings.” 


My belief is that a good many individuals are in possession of data, 
not much of which is published and available to all inquirers, which has 
led them to establish rules of procedure that promote the production of 
sound and serviceable steel castings of types wherein design is not an 
insurmountable barrier to the attainment of integral soundness of the 
east structure. 


For the purpose of discussing the paper it may be well for us to 
accept the definitions prescribed by the authors, but to do so with the 
reservation that such definitions are to apply only for the purpose of 
discussing the data presented in the paper. As warrant for this reserva- 
tion, I would refer to definition of cold cracks. The authors state that, 
“Cold cracks are the result of large inherent contraction stresses pro- 


5 Steel Castings Development Bureau, Philadelphia. 
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duced during cooling from the solidification temperature to room temper- 
ature. These cracks appear at comparatively low temperatures.” ‘This 
definition probably covers the source of origin of most cold cracks but 
other causes of cold cracking appear in actual practice. 


I cannot agree that, to quote the authors, “From the information at 
hand it seems reasonable to assume that contraction takes place uniformly 
with the drop in temperature and that it (liquid contraction) is about 2 to 
4 times greater than the solid contraction.” Some years ago, I measured 
the contraction cavities in ingots which had been cast at a temperature of 
about 2800 degrees Fahrenheit and found that the cavities represented a 
volume approximately equal to 4.4 per cent of the cold ingot. At a 
later time, I made some investigation of the solid contraction of steel cast 
in sand molds and found that this varied from 2.2 to 2.4 per cent. 


A reasonable interpretation of this linear contraction, therefore, is 
that the unrestricted solid contraction of a cast steel body is probably 
about 6.8 per cent as a maximum. If we compare this with the citation 
of the results of Benedick and Honda, we find that the sum of liquid con- 
traction and solid contraction is not very widely divergent from the re- 
sults of T. M. Service which indicates a volume change, from 2732 degrees 
Fahrenheit to ordinary earth temperatures, of 10.72 per cent. 


It is not at all difficult to agree with the authors that the establish- 
ment of conditions which will permit a system of controlled directional 
solidification will promote soundness in steel castings. For years, I have 
been applying the principle of controlled, directional solidification to steel 
eastings as far as the application of the principal was practicable within 
the limitations imposed by design. In fact, the first thing I did in a 
steel foundry in this country was to make a brake drum by a method 
which achieved its objective of abnormally high yield and unusual 
soundness entirely as a result of controlled directional solidification. 


The authors are certainly correct in stating, “Directional solidification 
is a process that is intimately involved with the design of the casting.” 
They might even go further and state that insofar as design impairs the 
practicability of achieving directional solidification, it connotes imper- 
fection. 


The tapered ingot, small end down, is the most popular exposition of 
controlled directional solidification. This principle of ingot production 
was, I believe, first applied by Harry Brearley and has been propagated 
worthily in this country by Gathman. Without entering upon any discus- 
sion of the relative merits of properly proportioned taper in steel ingots, 
it is sufficient to say that they largely have superseded parallel sided in- 
gots. If a steel founder gets anything to cast as simple in form as is a 
parallel sided ingot, he believes he has a very simple proposition before 
him as compared with the complexity of the average steel casting. This 
statement alone is sufficient justification for the authors’ contention that 
directional solidification is a process that is intimately involved with the 
design of the casting. The fact that many steel castings necessarily must 
be of a complex nature, does not affect the rectitude of the author’s asser- 
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tion. It also supports their contention that any conception of a mold 
rapidly filled with metal of a low temperature to produce uniform freezing 
is impracticable fundamentally. 


Brearley expressed the solidification of an ingot as a progressively 
thickening solid envelope and illustrated thereby the advantages of the 
tapered ingot cast small end down. With a complex steel casting, as the 
authors point out, we have to invoke the aid of either feed heads on 
isolated heavy sections or the application of chills to heavy sections when 
these cannot be fed practicably from risers. The practical foundryman 
knows all this and will welcome any assistance that can be given to him. 
If, at some future time, the system of chilling inaccessible, relatively heavy, 
masses imposed upon a generally light structure is reduced to an exact 
science, the practical foundrymen will welcome the scientist. At the 
present time, the practical man declines to be abashed when he is told 
that he has not done a thing which no one, as yet, has proved practicable. 
I have good reason to believe that many operative foundrymen are now 
achieving results, from the careful application of external chills, that make 
available serviceable castings of a design that is metallurgically appalling. 
That such castings are merely commercially sound and not metallurgically 
sound is no real indictment of the steel founder. It merely confirms the 
authors’ statements in reference to the significance of design. 


The authors make a statement which would appear to me to demand 
some modification. I suggest that they would be correct if they stated “In 
other larger sections where the concentration of mass is much greater, no 
skin at all will be formed near the ingate or ingates during the pouring 
interval.” 


In our consideration of the principle of controlled directional solidifi- 
cation, we must remember that the mold has some significant influence. 
Most of us have observed the sluggishness of metal in risers or feed heads 
remote from the gate of a casting. This metal has been cooled by contact 
with the mold and we must not assume that what we see in the risers is 
the first metal that entered the mold. In traversing the mold, some of 
the metal becomes so cool and sluggish that it adheres to the mold with 
which it is in contact and so produces a solidified envelope through which 
metal flows to fill parts of the mold still more remote from the ingate. 
From this fact certain inferences present themselves. 


1. That the heat lost by the metal which fills the parts of 
the mold remote from the ingate has been transferred largely 
to the mold. 

2. That a temperature gradient is produced in the mold 
as well as in the metal. 

3. That in certain types of castings, gated in an orthodox 
manner, this temperature gradient in both mold and metal is 
inimical to the proper feeding of the casting. 

4. That in the region of the ingate or ingates, the mold 
will be heated abnormally, will tend in that locality to insulate 
the casting over a period of time, and will promote a relation 
of mold to casting that may be prone to cause some local 
unsoundness. 


The system of controlled directional solidification, therefore, must be 
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concerned with gating procedure as well as with design, chilling, and 
heading. 


Controlled directional solidification is easy to achieve on some types 
of castings and produces a soundness that was somewhat difficult and 
expensive to obtain in terms of orthodox practice but we must recognize 
that there is a limit to what can be done, in producing castings of complex 
design, in the way of promoting controlled directional solidification. 


The experiment performed by casting a 6-inch diameter sphere, and 
a parallelepiped of identical volume but of 50 per cent greater surface 
area, is interesting in showing that the rate of thickening of solidified 
envelope is practically the same in each case. This is not surprising when 
the two castings are visualized. They are both relatively massive and 
the practical foundrymen would not expect any great difference in the 
rate of shell formation except a little thickening at the angles of the 
parallelepiped. The significant point of this experiment, to the steel 
foundrymen, is that in each period of elapsed time the parallelepiped mold 
promoted the solidification of approximately 50 per cent more metal than 
did the spherical mold. 


What the practical foundryman has been concerned about when he has 
referred to the fluidity of the steel, really has been the castability or rune- 
bility of the metal. Particularly has this been the case in the production 
of light steel castings where, because of light section, the chill action of 
the mold is most quickly and powerfully exerted upon the metal to promote 
cooling and the concomitant sluggishness, and where it is unusual to 
encounter designs which permit the forcing of relatively sluggish metal 
into the remoter parts of the mold by the imposition of ferrostatic pres- 
sure in the downgate. This runability test is, in foundries producing light 
steel castings, probably best considered as a shankability test, the ability 
of the steel to stand exposure to the atmosphere in handshanks or small 
pouring ladles, and in this respect the melter’s count test frequently pro- 
vides a distinctly satisfactory indication of the ability of the metal to fill 
the molds properly. 


The authors, however, now postulate a type of fluidity which may be 
distinct from sheer runability. I do not attempt to dispute such a postulate 
but would say that steel of the type referred to as over-reduced seems 
generally to give more trouble from secondary pipes and externally visible 
hot tears than does steel of similar composition, as revealed by conven- 
tion.i analysis, which has not been over-reduced. I have been inclined to 
believe that this was due to a higher freezing point, a more restricted 
fluid range, of the over-reduced steel and, reverting to one of my earlier 
comments, would say that the steel which showed the highest linear con- 
traction was over-reduced considerably. 


In reference to the horizontal spiral fluidity test mold, I would suggest 
that to make this a more definite indication of runability, some variables, 
which are at present obvious in its application, be removed. It would 
appear advisable to take a sample of metal much greater in volume than 
will completely fill the mold and to produce, at the head of the downgate, 











DISCUSSION 439 


a reservoir to hold this metal. The downgate should be plugged by using 
a rod of baked core sand, as a stopper is used in a bottom pour ladle, and 
the reservoir filled with a sample of steel taken from the furnace. A 
definite time interval should be established from the moment the spoon 
leaves the furnace until the stopper is lifted to allow the metal to run 
into the mold. Even this procedure is not immune entirely from variables, 
but it appears to me that the advocated procedure would tend to reduce 
the magnitude of the variables and would thereby permit the system to 
provide a more accurate indication of the runability of the metal. 


On the subject of contraction in its relation to the temperature of 
hot tear formation, the authors’ citations from the work of Korber and 
Schitzkowski will appeal to many practical foundrymen, but in order that 
this information may be useful to foundrymen they must be impelled to 
provide the means for the substantial elimination of mold resistance to 
the contracting casting. The authors have quoted a number of the means 
that are used by practical foundrymen and have proved thereby that “by 
rule of thumb or as experience has dictated” the practical man has deter- 
mined the cause and prescribed a substantial cure. 


The temperature measurements on the metal of a 6-inch diameter cast 
sphere along with temperature measurements of the sand, considered with 
the results accruing from the experiments on the rate of skin formation 
with sphere and parallelepiped, must be of considerable interest to prac- 
tical foundrymen in their consideration of the principle of controlled 
directional solidification. I would express the hope that the authors will 
repeat the experiment with the 6-inch diameter, cast sphere and determine 
sand, or mold, temperatures in the wide open space which at present 
appears on Fig. 6 between the location of the thermocouple at % inch from 
the mold-metal interface and the thermocouple at 1 inch from the mold- 
metal interface. The relation of maximum temperature of metal in mold 
to minimum temperature of metal in contact with mold, in the 6 inch 
sphere casting, is of great interest in considering the origin of hot tears. 
However, we must recognize that in a more complex casting we may have 
greater differences than those indicated by the two upper curves in Fig. 6. 


By introducing the matter of internal hot tears radiating from en- 
closed contraction cavities, the authors provide a distinctly contentious 
subject for discussion. I huve no doubt that a good deal of seemingly 
contradictory evidence will be offered both in relation to metal composition, 
pouring temperature, and the feasibility of attaining controlled directional 
solidification. I have a case in mind where some castings of a rather 
difficult type were produced satisfactorily, under operating conditions which 
substantially achieved controlled directional solidification, when the metal 
was of the medium manganese type and contained about 0.35 per cent 
carbon. These castings weighed about 7000 lbs. each and when a repeat 
order came along it carried with it a prescription of composition limiting 
carbon content to 0.22 per cent and manganese content to 0.65 per cent. 
The molds and cores were made in precisely the same manner as had 
applied to the production of the first lot of castings, and the gating and 
heading system, prescribing controlled directional solidification, also was 
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identical, but it was found, upon machining the second lot of castings, 
that they evidenced tears of the type indicated in radiographs 9 and 10. 
These tears were presumed, from their location in the casting, to be the 
terminal vestiges of a secondary pipe. The foregoing is submitted as 
evidence in favor of what foundrymen consider a more inherently fluid 
material than ordinary plain low carbon steel. 


I have had several other experiences of a similar or related type 
which tend to confirm an assumption that the more inherently fluid steels 
are less prone to internal hot tears and are mutable more readily to the 
application of the principle of controlled directional solidification. At 
the same time, I would say that controlled directional solidification is 
achievable more completely with hot metal than with cool metal and l 
have largely committed myself to the practice of pouring “as hot as is 
practicable” rather than as cool as possible. You will note that I do not 
say “pouring as hot as possible’. The word “practicable” takes cognizance 
of the ability of the molding materials to withstand the thermal and 
physical impact of the cast metal. 


The relation of a small external tear to an internal contraction cavity, 
particularly at the radiused junction of a flange with a body, is something 
with which most practical foundrymen are acquainted. I well remember 
that in the early days of my association with the steel castings industry, 
Melmoth pointed out to me a slight tear at the root of a flange and stated 
that it indicated not only an internal defect but also evidenced what he 
ineuphoniously described as “lousy gating and heading.” 


In considering the formation of external cracks or hot tears of the 
ragged-edged type, we should, particularly in castings of complex design, 
consider the influence of the dilatation phenomena. Of course, it is quite 
easy to say that the remedy for externa! hot tears lies in providing 
adequate mold relieving but it is not practicable easily in all cases to 
ensure that the relieving provisions become operative at a sufficiently early 
time. In some cases, it is possible to achieve the desired result by a 
modification of design and thereby eliminate the necessity for relatively 
laborious procedure in providing for mechanical relieving of the mold. 


The particular instance I have in mind in making such an assertion 
is related to the production of truck wheels having spokes of a cruciform 
section. Quite a number of different wheels were designed with spokes 
of a Y-type, cruciform in section, the upper members of the Y being lighter 
than the lower member of the Y. These wheels all were gated at the hub 
and a deplorable proportion of the castings cracked either at the junction 
of the spoke with the hub or closely adjacent to the junction of the two 
upper members with the lower member of the Y. At each of these two 
points there was a concentration of mass and obviously these were the 
proper points at which to expect rupture. 














An absolute cure for this cold cracking trouble of the spokes was found 
to lie in curving the upper members of the “Y” so that these could, by 
straightening slightly, absorb the stresses imposed on the spokes by the 
relatively late contraction of the hub and inner ends of the spokes as 
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compared with the previously achieved major contraction of the rim of 
the wheel. The molds in which these wheel castings were produced were, 
necessarily, green sand but they received no mechanical relieving. 


Another extremely contentious subject is introduced by the authors 
when they use the word “chills”. I have come to the conclusion that it is 
desirable, wherever possible, to avoid the use of internal or “cast-in” 
chills and substitute external chills to contribute to that most desirable 
thing, controlled directional solidification. The cast-in chill over which 
any considerable volume of metal flows is likely to be non-effective. The 
cast-in chill is most effective when metal merely flows to it, surrounds it, 
and very little metal flows over or past it. 


Where I have been unable to escape, from reasons of economy, the 
use of an internal or cast-in chill, I have come to adopt the principle of 
having twice as much of the chill embedded in the mold as protrudes into 
the mold cavity to become part of the casting. This provision increases 
the efficiency of the chill as a true medium of promoting soundness. 


External chills have, to my mind, distinct advantages in comparison 
with internal chills but they are a much greater expense and are more 
difficult to apply. 


There are a good many other points in the paper which call for dis- 
cussion and I have no doubt that many foundrymen will wish to go to 
the mat with the authors who have, in their paper, said certain things in 
derogation of some steel foundry practices. The authors should not be 
alarmed or perturbed if their views evoke fervid criticism and again | 
would offer the suggestion that most of our differences may be related to 
our translation or interpretation of the evidence which comes before us. 


The most proper tribute I can pay to the authors is to say that al- 
though their paper may be read in less than an hour, it cannot adequately 
be discussed in ten hours. 


REPLY BY AUTHORS TO WRITTEN DISCUSSION 


C. W. Brices anp R. A. GezeLius: We appreciate Mr. Bull’s com- 
mendable discussion as his long association with the industry has given 
him many practical observations. We accept his term of cavity in pref- 
erence to the word pipe as it expresses more accurately the thought that 
we wish to convey. 


We note with surprise that he has stated that it is an established 
fact, other things being equal, the lower the carbon content in common 
steels the lower is the fluidity. We knew that this assumption was ever 
prevalent. However, we were not aware that it was an established fact, 
especially considering how nearly an impossibility it is to get other things 
equal. Experimental data on this subject would be welcomed by us. 





There is no doubt Mr. Bull is right concerning the economical aspects 
being important considerations in the maintenance of the converter prac- 
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tice in Europe. We merely were expressing an opinion that had been 
obtained by Captain Shane from certain foundry operators in Europe that 
it was important when related to a study of fluidity. 


Along with his discussion on fluidity, Mr. Bull pointed out the need 
for maintaining a uniformity in mold condition variables. We believe that 
if care is exercised this can be done. At least, we are able regularly to 
produce a uniformity of conditions. It is our experience that the greatest 
difficulty is the method of filling the test mold with metal. 


We agree with Mr. Bull that the tendency of steel to shrink and 
the resistance to shrinkage stress might be quite different characteristics. 
There are no data available now that would allow for a differentiation of 
the two. However, we hope to present such data in the future. 


We are unable to accept Mr. Bull’s statement that mold resistance 
sometimes causes an internal hot tear. In the first place, mold resistance 
acts to form hot tears only when contraction has begun. Contraction would 
be greater in the skin of the casting and it would be at this place that the 
stresses first would centralize. If the stresses were sufficiently great to 
overcome the strength of the metal, the crack from the surface inward 
would form. From the available information, it does not seem best to 
assume that the solidified skin is capable of plastic deformation thereby 
transferring the stress centralization to the interior less strong metal, 
since microscopic examination of tear formations have shown that the 
cracks exist around the grains. 


Secondly, we were wondering how Mr. Bull, from his observations, 
could correlate definitely the internal crack with moid resistance espe- 
cially when the lack of directional solidification is so ever prevalent in 2 
casting. 


We are exceptionally well pleased with Mr. Batty’s discussion for he 
has brought out many points that are valuable in a presentation of a 
subject of this type. We agree with him when he suggests that the defini- 
tions used may not be entirely accurate from the standpoint of foundry 
phraseology and we thank him for pointing out for us that they apply 
only for the purpose of discussing the data presented in the paper. 


In discussing the rate of skin formation Mr. Batty’s suggestion is 
correct. However, we have found in our studies of 9-inch spheres that in 
some cases no skin at all has been formed when the sphere was emptied 
immediately after it had been filled. In some cases a lacelike skeleton 
remained. 


In referring to the remark that liquid contraction is about 2 to 4 times 
greater than the solid contraction and presenting a dissenting opinion, we 
believe that Mr. Batty misconstrued the text and confused liquid contrac- 
tion with freezing contraction. Of course, the total contraction is not 2 to 
4 times greater than the solid contraction. This is largely an error on 
our part as the phrase “per degree drop in temperature” was omitted from 
the copy presented to Mr. Batty. However, the data he presents is in 
agreement with that of Benedick and Honda with respect to the contrac- 
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tion occurring while the steel is passing from the liquid to the solid state. 


The statement to which Mr. Batty refers does not concern this con- 
traction, but that of the liquid steel cooling from the pouring temperature 
to the temperature at which solidification begins. It is evident that Mr. 
Batty has divided solidification into two classes; fluid contraction and solid 
contraction, while we have divided it into three classifications of liquid. 
freezing and solid contraction. It is in this misunderstanding that the 
confusion lies. 


In regard to the comments by Mr. Lorenz, Mr. Bull, Mr. Melmoth, 
and others on the subject of pouring hot we have the following further 
to say. Our suggestion concerning the use of superheated steel arises 
from the fact that we firmly believe in applying the principles of direc- 
tional solidification to its fullest extent. Again, we point out that these 
principles involve the use of metal as hot as is practicable, pouring as 
slowly as is practicable to avoid the entrapping of solidified or oxidized 
films, and in using the excess temperature of the metal to produce a pro- 
nounced temperature gradient in the mold as well as in the casting itself. 
We have not taken the stand, as some of those who have discussed this 
point wish to infer, that all castings should be poured with superheated 
steel. In fact, reference was made only to thin walled pieces. The value 
of this section may be diseounted as Mr. Bull suggested as we have of- 
ferred no experimental data other than sound reasoning to support our 
contention but may we also point out that no one else during this discus- 
sion or in other treatises on this subject has offered experimental data 
to establish the acceptable “pour her cold” slogan. Perhaps if some of 
the experienced steel foundrymen had extended their observations with 
gamma ray radiography they would find some interesting data in regards 
to hot tear formation. A great number of failures of hot poured pieces 
have been attributed to the tendency of such pieces to expose a fine 
secondary pipe, or contraction cavities, immediately below the heads, but 
what is not so well known is that a cold poured cavity has similar, or 
worse, cavities or series of hot tears that are more deeply located in the 
casting. These are entirely missed by surface observation. 


In reply to Mr. A. W. Lorenz’ discussion, we used the term of thorough 
deoxidation to refer merely to final deoxidation with silicon, manganese, 
or other deoxidizers. We were not by any manner or means referring to 
the use of over-reduced steel as we are certain such steel would not be 
considered as a well made, well refined steel. Nor are we definitely con- 
firmed to the fact that a well refined steel is one that is completely 
deoxidized under a carbide slag. 


We appreciate Mr. Batty’s statements on the use of high pouring 
temperatures. It is encouraging to note that he considers the use of 
superheated steel as practicable in certain cases. 


We quite appreciate Mr. Melmoth’s point of view when he contends 
that “millions of tons of steel castings have been made that have success- 
fully stood all service demands made on them”. This is true and yet no 
one can deny that “wasters” are still found at times, in even the best of 
foundries. It is to eliminate, if possible, these ‘wasters’ that this re- 
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search program was inaugurated. These defective castings are the im- 
portant factor in this research. We are interested primarily in the most 
prevalent defects, their causes and their remedies. If, therefore, in our 
discussions we dwell mostly on defects and defective castings it is not 
because we have lost sight of those that “have stood all the service de- 
mands placed on them” but rather that we have, for the moment, placed 
them in the background. 


We do not believe that because we have emphasized defective castings 
that Mr. Melmoth, or any other foundryman, should feel that it is any 
slur upon the industry or that we have not “given due significance” to the 
fact that good steel castings have been and can be made. 


We do not claim that the term “directional solidification” is new in 
wordage. If Mr. Melmoth prefers “progressive solidification’, we see no 
objection to its use. Our search of the literature showed us that the term 
“directional solidification” was more commonly used. We are making no 
claims for establishing any underlying principle; we are merely asking 
for its universal application. 


We believe that Mr. Melmoth misread the text of the paper when he 
refers to the fact that a recommendation was given for a standardized 
fluidity test. No such recommendation was made. In fact, to quote the 
text the following points were emphasized: “The use of a fluidity test 
instead of a stop-watch test seems to be the ideal way of obtaining advance 
knowledge of the mold-running abilities. However, at the present time it 
appears that a definite correlation of conditions will be difficult to obtain.” 


We value Mr. Melmoth’s opinions relating to cracking and the 
strength of steel at temperatures just below its solidification. 


We are sorry that Mr. Melmoth is unable to appreciate the work of 
Singer and Bennek in regards to the filling of tears with fluid metal as 
it appeared to be carefully executed and their conclusions did not seem 
to be out of line with their findings. We feel that the case is rather the 
expectation than a regular procedure, but we can imagine the condition. 


Mr. Payne states emphatically that fluidity of metals is a function 
of temperature and gas content. With this we are not prepared to agree. 
Time and further experiment may prove Mr. Payne’s contention to be 
correct but at this time we can find no data that substantiates this claim. 
C. M. Seager, Jr., and A. I. Krynitsky* point out conclusively that, in all 
the metals they studied, fluidity is a function of temperature but no men- 
tion is made of gas content. Nor can any conclusions be drawn from this 
work that definitely prove the effect of gases on the fluidity of metals. 













We are at a loss to understand Mr. Payne’s differentiation between 
“killed,” “degasified,” and “deoxidized” steel and, therefore, have no com- 
ments on this portion of his discussion. 







* Reference on bibliography, p. 424. 











DISCUSSION 


ORAL DISCUSSION 
H. R. Isensurcer’: About two years ago, I presented a paper’ before 
the American Society of Mechanical Engineers where I showed x-ray pi¢- 
tures illustrating hot tears. We distinguished between hot tears and 
shrinkage cracks because there is a difference between the two defects. 


A shrinkage crack may not be as serious as a hot tear. A hot tear is 
a very bad defect in a casting. The illustrations contained in the A.S.M.E. 
paper mentioned previously demonstrate this point. A hot tear has a 
much sharper outline of an image in an x-ray negative than a shrinkage 
crack. 

F. A. MetmotH: A report* has been published recently by a group of 
scientists in England on steel castings. One of the conclusions that they 
reached is that quick pouring is necessary for sound castings. However, 
Mr. Briggs mentioned using super-heated steel and pouring slowly. In 
regard to the question of high temperature and solidification, we formerly 
ealled it progressive solidification. If you desire to produce a temperature 
gradient, it does not matter whether the gradient is on the low side of 
the temperature or on the high side, where it can cause a lot of incidental 
troubles as long as it exists. 


Grorce Batty: I feel that it is important to create as great a tem- 
perature differential as possible in both mold and metal. 


F. A. MermotH: You may start with 3000 degrees Fahr. and get a 
temperature grading from 3000 to 2500 degrees Fahr. or start with 2800 
degrees Fahr. and get a similar grading but at a lower scale. 


G. Batty: The degree is not the same because of the effect of the 
metal on the mold. That fact has been established substantially. 


C. E. Stws*: In discussing the matter of hot cracks, the statement has 
been made several times that hot cracks are produced after solidification. 
I wish to suggest the probability that they form before complete solidifi- 
cation. I believe that the hot cracks are formed while there is still 2 
liquid eutectic in the steel. The most characteristic feature of hot cracks 
is the fact that there is no crysal deformation. The appearance of the 
fracture shows undeformed crystals similar to those found in a shrinkage 
eavity. This shows that there was practically no resistance to the metal 
tearing apart. Only a liquid would have such low strength. It is entirely 
conceivable that some of the eutectics in steel may be liquid as low as 
2300 degrees Fahr. We are familiar with the phenomenon known 4s 
burning of steel in forging which is due to the fact that the steel is heated 
to the point where the eutectic becomes liquid. 


The cure for hot cracks may lie in controlling these eutectics. There 
seems to be a conflict in the statements that certain alloys and high carbon 
decrease the tendency for hot cracks. It would seem that these might 
increase the tendency for eutectics, but there is the other chance that they 


~ © First Report of Steel Coetings Research Committee, British Iron and Steel 
Institute (Special Report No. 3, 1933). 

*St. John X-Ray Service Ang New York City 

ar Inspection of Metals, oceania Engineering, vol. 53, pp. 729- 
735, 1931. 
8’ American Steel Foundries, East Chicago, Ind. 
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may lengthen the freezing period of the steel as a whole and bring general 
solidification nearer to the freezing point of the eutectics 


Deoxidation of steel might be another factor. The words perfect de- 
oxidation or perfectly deoxidized steel too often have been used loosely. 
It is probable that perfectly deoxidized steel is not thoroughly deoxidized 
steel. It may be steel that contains considerable oxygen. There is some 
indication that the quantity of oxygen retained may have some control 
on these eutectics and indirectly have an influence on hot tear formation. 


I agree that it is desirabie to attempt to distinguish between hot tears 
and shrinkage cracks. It is my opinion that hot tears are caused by 
shrinkage. That is especially true in corners. There can be no method by 
which the particular stress which opens up the steel is produced than 
shrinkage. Both are due to stresses caused by non-uniform contraction 
of the steel. 


REPLY TO ORAL DISCUSSION BY AUTHORS 


C. W. Briges anp R. A. Gezetius: In reply to the oral discussion, 
we wish to point out to Mr. Isenburger that there is no difference between 
a hot tear and a shrinkage crack in form or appearance. The term is used 
Synonymously. We note that Mr. Isenburger claims to be able to dis- 
tinguish between them even though he is unable to define and explain 
the characteristics of each. 


We appreciate Mr. Sims’ comments on the formation of hot tears. 
His views are similar to those expressed by Korber and Schitzkowski. It 
is true that the deoxidation of the steel may be an important factor in the 
formation of hot tears. 


Mr. Melmoth mentioned the report of the Steel Castings Research 
Committee,* of the British Iron and Steel Institute as confirmation of his 
opinion that quick pouring is necessary for sound steel casting. 


After a careful study of this report, we fail to see how any definite 
conclusion as to the effect of pouring speed on cracking can be drawn 
from the work done. The objections that we have to using this work as 2 
basis for a definite opinion are: (1) the several castings were poured at 
different foundries under different conditions; (2) no mention is made as 
to sand conditions or molding procedure in any portion of the report and: 
(3) the table upon which the conclusion as to the effect of pouring speed 
was based can be amended so that other causes might just as logically 
explain the cracking in the different castings. 


It might be well to take up these points in more detail. 


(1) There is no logical reason to assume that the steel in each case 


* First Report of Steel eer pene Committee, British Iron and Steel 
Institute (Special Report No. 3, 193 
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presented the same resistance to cracking. The heats from which the cast- 
ings were poured were not only made at different foundries but - the 
composition, according to the analysis given on page 35 of the report, 
varied as follows: C., 0.17-0.27 per cent; Si., 0.10-0.41 per cent; Mn., 0.59- 
1.10 per cent; S., 0.002-0.028 per cent; P., 0.008-0.034 per cent; Ni., 0.05-0.56 
per cent and Cr., 0.02-0.13 per cent. The castings were gated and fed at 
different points of the castings and the sizes and shapes of the heads 
varied considerably. This difference in gating and feeding was discounted 
in formulating the opinion on the effect of pouring on cracking. 


(2) As nothing is stated concerning the sand conditions or molding 
technique, the reader has no way of knowing whether or not an attempt 
was made to have these conditions the same in each case, that is, whether 
all of the molds were hand rammed, machine rammed or both, whether 
relieving of any kind was used in any, all, or none of the molds, or 
whether the collapsability of the cores was comparable. 


(3) These objections become more important when the tables upon 
which the conclusion was based are studied. We have reproduced the 
table which appears on page 44 of the report as Table 2 and have taken the 
liberty of adding to it two other columns of data contained elsewhere. 
These added columns show the identification letter of the firm making the 
casting and the type of steel used. 


If only the first three columns are studied, it would appear that the 
speed of pouring was the vital factor as far as cracks in this particular 
casting were concerned. If the last two columns are taken into considera- 
tion, one notes that castings 8 and 9 were not only poured faster but at 
the same foundry out of the same heat of steel. Castings 1, 2, and 3, 


Table 2 
DEFECTS Propucep By Various Pourtne RatTEs* 
Time to Original Table Added Data 
Casting fill mold 
No. secs. Cracks Maker Type of Steel 
8 14 " N Basic Electric 
9 14 anes N Same cast as 8 
9 or ni) 
: = Slight, at ends of F Basie Blectric 
3 bulkhead brackets F Same cast as 2 
3 28 F Same cast as 2 
16 30} Slight, at ends of { M Basic electric 
- 87 Slight longitudinal { . 
5 é shade tas: tine ) L Basic electric 
5 39 G Acid. O.H. 
13 40 Sort L Basic electric 
4 47 oe G Basic electric 
14 50 L Same cast as 13 


; 


* First Report of Steel Cpmee Research Committee, British Iron and Steel 
Institute (Special Report No. 3), p. 44. 
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which were cracked only slightly, were all made at another foundry and 
cast from the same heat. Considering the four castings that were seriously 
cracked, one finds that castings 4 and 5 were made at one foundry and 
that castings 13 and 14 were poured from the same heat at still another 
foundry. 


If all of these data are considered, it is rather difficult to state that 
pouring speed alone was responsible for the cracks. That might be the 
case, but as the seriousness of the defects seems to depend also upon the 
particular firm that made the casting, it is just as logical to assume that 
the sand conditions and molding technique at the several foundries were 
the vital factors. As the seriousness of the crack also is associated with a 
particular heat of steel in almost every case, the steel itself may be the 
important consideration. 








Properties of Gray Cast lron 
as Affected by Casting Conditions 


By C. M. Sarger, Jr.t and E. J. Asu,** Wasuineton, D. C. 


Abstract 


A preliminary report of an investigation to determine the 
effect of maximum heating temperatures on the physical prop- 
erties of different types of cast iron is given in this paper. It 
describes the methods and results obtained in a study of three 
types of cast iron. Four heats, all melted in a high-frequency 
induction furnace, were made for each class of iron with maz- 
imum heating temperatures of 1400, 1500, 1600 and 1700 degs. 
Cent. (2550, 2730, 2910 and 3090 degs. Fahr., respectively.) 
Four duplicate transverse test bars of different diameters 
were cast from each heat in a dry-sand mold and the follow- 
ing properties determined: transverse breaking load, deflec- 
tion, modulus of rupture and modulus of elasticity, hardness, 
density and microstructure. The shrinkage and the running 
qualities of the irons were also investigated. The transverse 
breaking strength for each iron changed with maximum tem- 
perature to which the liquid iron had been heated and, for 
two types of iron, the maximum strength for each size of bar 
was obtained at a different maximum temperature of the 
liquid metal. In general, the density of the solid metal and 
the linear contraction increased with heating temperature of 
the liquid metal, whereas the density in the liquid state was 
not affected. The running quality of the irons investigated 
was apparently not affected by the maximum heating tempera- 
ture, but was found to be a function of the liquidus tempcra- 
ture, being inversely proportional to the solidification range. 
The microstructure of the 1.2-inch bars indicated that irons 
of highest strength had relatively small graphite flakes and a 
pearlitic-sorbitic matriz. 


INTRODUCTION 


1. The efforts of foundrymen to improve cast iron date back 
to about 1860, when Joseph S. Seaman of Pittsburgh discovered 


* Publication approved by the Director of the Bureau of Standards, U. 8S. De- 
partment of Commerce. 
+ Physicist, U. S. Bureau of Standards. 
** Assistant Scientist, U. S. Bureau of Standards. 
Note: This paper was presented at one of the sessions on Cast Iron at the 
1933 Convention of the American Foundrymen’s Association. 


449 

















450 Cast Iron As AFFECTED BY CASTING CONDITIONS 


that the addition of steel scrap to an air-furnace charge resulted 
in a decided improvement in the strength of the iron. In 1906, 
Goerens’ pointed out that gray cast iron is similar in structure to 
a steel containing embedded graphite, and that the best physical 
properties should be obtained when the matrix is pearlitic in struc- 
ture. 

2. Numerous investigators have shown since that the strength 
of cast iron is a function of the amount and distribution of graph- 
ite, the optimum properties being obtained with a pearlitic or 
sorbitie ground mass in which the graphite is disseminated as 
small globular particles. Improvement in the strength of cast 
iron has been brought about by control of composition, of melting 
and foundry practice, and by heat.treatment of the solid castings. 

3. This paper is a preliminary report on a study of the effect 
on the physical properties of several different types of iron, of 
heating the iron to various temperatures above the melting range. 


MATERIALS AND MetuHops or Casting Test SPECIMENS 


1—Materials. 

4. The following types of iron were used: A, a typical 
stove-plate iron; B, a mixture of A and 20 per cent of commercial 
open-hearth ingot iron; C, a high-carbon, low-silicon, low-phos- 
phorus pig iron, often referred to as a heat-resisting gray cast iron. 
The compositions of the pig irons were as follows: 

Total Graph. Comb. Manga- Phos- 


Carbon, Carbon, Carbon, nese, phorus, Sulphur, Silicon, 
per cent. percent. percent. percent. percent. percent. percent. 
A 3.55 3.15 0.40 0.24 0.82 0.021 2.73 
C 3.79 3.13 0.66 0.73 0.12 0.06 1.32 


5. Molding. Eight cylindrical transverse test bars of four 
sizes were molded in a 3-part cylindrical flask with the cheek ex- 
tending the full length of the bars. Lumberton sand (A.F.A. 
grade 3-G*), tempered to contain between 6 and 7 per cent mois- 
ture, was used. The mold was ‘‘bottom poured,’’ the bars being 
arranged so as to minimize the heating effects of the large bars on 
the small ones (Fig. 1) during cooling after casting. 

6. The surfaces of the mold cavities were blackened with a 
mixture of water, graphite, clay and molasses to produce castings 

1 Moldenke, R., “Principles of Iron Founding,” 2nd edition. McGraw-Hill Book 
Co., 1930, p. 243. 

*Goerens, P., “Ueber die Konstitution des Roheisens.” Stahl und Eisen, v. 
26, April 1, 1906, p. 397. 


8 TesTING AND GRADING FounpRY SANDS, 1931 edition. American Foundrymen’s 
Association, p. 136. 
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free from ‘‘burnt-on’’ sand. The cheek and drag were then dried 
for 7 hours at 260 degs. Cent. (500 degs. Fahr.), and the castings 
were made on the following day. The cope, containing the pour- 
ing basin and made of green Lumberton sand, was placed in posi- 
. tion just before the iron was poured. 

7. Molds for casting bars for determining the linear contrac- 
tion, and spirals for determining the running qualities of the 





Fic. 1—CasTING SHOWING THE METHOD OF POURING BARS FOR TRANSVERSE 

Test. A: Pourinc Basin. B: Down GaTeE. OC: FEEDING RING. D: 2.2- 

InNcH DIAMETER Bar. E: 1.2 INCH DIAMETER Bar. F: 1.5-INCH DIAMETER 
Bar. G: 0.75-INcH DIAMETER Bar. 


metal, were made of No. 00 Albany green sand, tempered to con- 
tain 6 to 7 per cent moisture. 

8. Melting and Pouring. The irons were melted in a high- 
frequency induction furnace of the tilting type in a crucible of 
commercial magnesia. A charge of approximately 225 lbs. of 
metal was heated to the desired temperature. The maximum heat- 
ing temperatures used were 1400, 1500, 1600 and 1700 degs. Cent. 
(2550, 2730, 2910, and 3090 degs. Fahr., respectively), for each 
type of iron. The metal was held at this temperature for approx- 
imately one minute. The power input was then regulated so as to 
obtain the desired rate of cooling of the melt. The characteris- 
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ties of the furnace are such that the liquid metal continued to 
circulate as long as the power was on. 

9. Samples for the determination of shrinkage were taken and 
spirals for determining the running properties were poured at 
several arbitrarily chosen temperatures as the metal cooled. The 
transverse bar mold was poured at a temperature approximately 
150 degs. Cent. (300 deg. Fahr.) above the liquidus temperature 
of stock pig iron. A 34-inch and a 114-inch linear shrinkage bar, 
12 inches long, designed to give ample draft for removing the pat- 
tern from the sand without rappirg, were cast prior to casting 
the transverse test bars. All molds were poured directly from the 
furnace. 

10. Temperature Measurements. Temperatures up to 1600 
degs. Cent. (2910 degs. Fahr.) were measured by a platinum to 
platinum-10 per cent rhodium couple protected with a glazed 
porcelain tube inserted into a 1-inch diameter graphite tube. The 
portion of the graphite tube immersed in the iron was coated with 
a layer of aluminum oxide cement approximately 1/16-inch in 
thickness. 

11. An optical pyrometer was used for measuring tempera- 
tures above 1600 degs Cent. (2910 degs. Fahr.). In such instances, 
the temperatures indicated by the thermocouple and optical py- 
rometer were read simultaneously from 1400 to 1600 degs. Cent. 
(2550 to 2190 degs. Fahr.), in order to check the optical pyrometer 
readings. The readings with the optical pyrometer were then con- 
tinued up to 1700 degs. Cent. (3090 degs. Fahr.). 


3—Transverse Test Bars. 

12. The set of eight 23-inch length transverse test bars which 
were cast in one mold consisted of two bars of each of the diame- 
ters 0.75, 1.2, 1.5 and 2.2 inches. The bars cast to 1.5-inch diame- 
ter were machined to a diameter of 1.2 inches before testing to 
determine the ‘‘skin effect ;’’ the others were tested as cast. The 
cross-sectional areas of the bars as tested were, therefore, in the 


approximate ratio of 1:3:9. 


RESULTS AND Discussion 


1—Composition. 
13. The results of the chemical analysis of each of the 12 
heats are given in Table 1. 
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Table 1 


CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES OF TRANSVERSE TEST 
Bars Cast oR MACHINED TO 1.2 INCH DIAMETER. 





Max. Temp. 
Cast or Heating Pouring of 
Machined . Tome, - Lig ——Chemical Composition,! per cent—— pve gros 
Iron Size Cent, Fabr. Cent.Fahr, TC GC CC Si S Mn P Cent. Fahr. 
SS 1400 2550 1300 2370 3.57 2.81 0.76 2.65 0.021 0.20 0.86 1170 2140 
Machined..... 1400 2550 1300 2370 3.60 2.77 0.83 2.65 0.021 0.20 0.86 1170 2140 
ee 1500 2730 1300 2370 3.67 2.99 0.68 2.440014 0.23 0.85 1170 2140 
A Machined..... 1500 2730 1300 2370 3.67 2.99 0.68 2.440.014 0.23 0.85 1170 2140 
| ee 1600 2910 1300 2370 3.55 2.94 0.61 2.700.013 0.21 0.83 1155 2110 
Machined..... 1600 2910 1300 2370 3.52 2.96 0.56 2.700.013 0.21 0.83 1155 2110 
esis «fences 1700 3090 1300 2370 3.44 2.67 0.77 2.700.015 0:21 0.86 1175 2145 
Machined. .... 1700 3090 1300 2370 3.46 2.66 0.80 2.700.015 0.21 0.86 1175 2145 
CR Foiice sony 1400 2550 1380 2515 2.95 2.19 0.76 2.120.019 0.17 0.65 1225 2235 
SS ae 1500 2730 1380 2515 2.91 2.08 0.83 2.05 0.028 0.15 0.66 1240 2265 
B Machined. .... 1500 2730 1380 2515 2.90 2.09 0.81 2.05 0.028 0.15 0.66 1240 2265 
Ree 1600 2910 1380 2515 2.95 2.05 0.90 2.03 0.023 0.17 0.69 1240 2265 
Machined..... 1600 2910 1380 2515 2.95 2.06 0.89 2.03 0.023 0.17 0.69 1240 2265 
EE ts .05h.07% 1700 3090 1380 2515 2.80 1.88 0.92 2.170.023 0.19 0.72 1245 2275 
ae 1400 2550 1300 2370 3.84 3.12 0.72 1.17 0.054 0.54 0.10 1185 2165 
Cc |Cast pabioaSetes 1500 2730 1300 2370 3.76 2.66 1.10 1.16 0.055 0.57 0.10 1200 2190 
isn veed 1600 2910 1300 2370 3.64 2.74 0.90 1.17 0.055 0.58 0.12 1220 2230 
daa 1700 3090 1300 2370 3.60 2.76 0.84 1.16 0.054 0.62 0.10 1215 2220 
Breaking 
Load cor- Modulus 
rected to of ——Moduli of Elasticity —~ 
1.2 in. Detliec- Rupture, (in millions of lbs. persq. in.) ——Hardness Numbers—— Density, 
Diam., tion, Ibs. per At Load, At Load, gms. per 
Ibs. inch sq.in. 1200lbs. 1500lbs. Ultimate Brinell? Rockwell* Vickers‘ cu. cm. 
1480 0.23 39,300 8.7 7.9 7.6 134 83 181 7.029 
1320 0.27 35,100 7 arr ae rer 5.9 131 78 170 7.080 
2120 0.25 55,300 11.9 11.0 8.0 170 91 194 7.044 
1720 0.28 45,400 Nee 7.6 163 80 170 7.056 
1690 0.20 44,900 11.7 11.0 10.2 187 94 198 7.068 
1600 0.23 42,600 Se 2825 ox 8.5 174 90 194 7.061 
1610 0.20 42,800 12.5 11.5 10.0 183 95 211 7.099 
1510 0.27 40,100 ft eee 6.7 167 90 182 7.078 
2830 0.25 75,200 16.3 16.0 13.5 236 102 252 7.239 
2670 0.23 70,800 16.5 16.0 13.9 241 99 248 7.282 
2650 0.26 70,300 et  banceee 12.5 212 95 223 7.278 
2710 0.27 71,500 15.0 14.5 12.1 229 97 236 7.285 
2660 0.27 70,600 ee ck. Sina ee 11.8 223 98 231 7.246 
2780 0.22 73,900 18.2 17.8 15.3 248 104 257 7.278 
2040 0.30 54,200 11.8 10.8 8.0 167 90 188 7.179 
2280 0.22 60,600 19.3 18.0 12.7 174 95 195 7.189 
2590 0.34 68,900 14.3 13.0 9.1 183 88 173 7.208 
2620 0.28 68,500 19.3 18.5 11.2 192 95 207 7.214 


1Analyses made by R. H. Elder and Roy Deas, American Cast Iron Pipe Co., Birmingham, Ala. 
23000-kg. load, 10-mm. ball. 

3B-scale, 100-kg. load, 1 /16-inch ball. 

430-kg. load, 130 degree Diamond pyramid. 
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2—Shrinkage. 

14. The shrinkage properties of the three types of iron, ex- 
pressed as changes in specific volume with respect to temperature, 
are given in Fig. 2. The shrinkage of the iron in the liquid state 
was determined by the immersed-crucible method described by 
Saeger and Ash.* The data on the shrinkage of the metal after 
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Fig. 2—SpeciFic VOLUME-TEMPERATURE RELATIONS OF IRONS A, B AND OC. 





solidification were determined by the shop method described in a 
previous publication by Ash and Saeger.® 

15. The value given for linear shrinkage is the average of 
the value obtained for the 34-inch and for the 114-inch bar of the 
‘‘no-rap’’ type. The specific volume of the metal at room temper- 
ature was determined on a sample cut from the 1.2-inch transverse 
bar as cast. The liquidus temperature for each iron was deter- 
mined by thermal analysis (Table 1). 


4Saeger, C. M., Jr. and Ash, E. J., “A Method for Determining the Volume 
Changes Occurring in Metals During Casting.” Research Paper No. 399, Bureau 
of Standards Jnl. of Research, v. 8, n. 1, 19382, p. 37. 

5 Ash, BE. J. and Saeger, C. M., Jr., Shop Method for Determining Volume 
Ongnocs in Cast Iron During Casting. TRANSACTIONS, A.F.A. (1932), v. 40, p. 
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Fic. 3—RELATION OF LIQUIDUS TEMPERATURE TO ATOMIC PER CENTS OF 


CARBON, SILICON, PHOSPHORUS, MANGANESE AND SULPHUR. 


16. Fig. 3 shows the relation between the composition of cast 
iron and its liquidus temperature. The sum of the percentages of 
carbon, silicon, manganese, sulphur and phosphorus have been ex- 
pressed as atomic percentages of these elements. 

17. The specific volume-temperature relation for the three 
irons in the liquid state were not affected by the heating tempera- 
ture. The specific volume of irons A and C at room temperature 
decreased (density increased) with an increase in the heating tem- 
perature above the pouring temperature. 

18. The density was determined by the conventional dis- 
placement-of-water method on the same specimens used for hard- 
ness determinations. The results are given in Fig. 4. Although 
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the differences obtained on the bars of different sizes were in ex- 
cess of the differences attributable to the superheating prior to 
casting, in general, the density appears to increase with an increase 
in heating temperature of the liquid metal. 

19. No data on the shrinkage of iron B were obtained for the 
heating temperature of 1400 degs. Cent. (2550 degs. Fahr.) on ac- 
count of the narrow range between this temperature and the pour- 
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Fig. 5—RUNNING QUALITY OF IRONS A, B AND C AS AFFECTED BY THE 
MAXIMUM HEATING TEMPERATURE. 


ing temperature of the transverse bar mold, which was 1390 degs. 
Cent. (2535 degs. Fahr.). 

20. The values for linear contraction for the individual bars 
are also plotted in Fig. 4. In general, these values as determined 
on the bars of both sizes, increased somewhat with the increase in 
heating temperature. 


3—Running Qualities. 

21. The running quality of each heat was determined by the 
method, described by Saeger and Krynitsky,® which consists essen- 
tially in casting a strip of small cross-section in the form of a 
spiral. Fig. 5 shows that the highest running qualities were ob- 
tined with the heats of iron A. Although iron B contained much 
more phosphorus and silicon than iron C, the running qualities of 
C were better than those of B. The running qualities of these irons 
are dependent upon the liquidus temperature, and apperently are 
6 Saeger, C. M., Jr. and Krynitsky, A. I., A Practical Method for Studying the 


Running Qualities of a Metal Cast in Foundry Molds. Transactions A.F.A. 
(1931), v. 39, p. 513. 
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not influenced by heating temperature above the pouring tempera- 
ture. For a given pouring temperature, the heats of the iron having 
the lower liquidus temperature have superior running qualities. 


4—Properties Determined on Transverse Test Bars. 


22. Breaking Load and Modulus of Rupture. The breaking 
load was determined with an Amsler universal testing machine of 
50,000 lbs. capacity, the load being applied to give a uniform rate 
of deflection for all bars, approximately 0.02 inch in 10 seconds. 
The span used in breaking the 1.2 and 2.2 inch bars was 18 inches, 
and a 15-inch span for the 0.75-inch bars. 

23. The breaking loads, calculated to standard dimensions, 
for all sizes of bars are given in Tables 1, 2 and 3. Variations in 
diameter from 0.75 and 2.2 inches for east bars of these nominal 
sizes were corrected by using correction factors derived on the 
same basis as those used for the 1.2-inch bars which are given in 
A.S.T.M. Specification A-124-29.7 Each value represents the aver- 
age of the values obtained with the duplicate bars. 

24. The modulus of rupture was calculated by means of the 
following formula: 

P= 25467 %% 


where F = modulus of rupture, 
L = breaking load in pounds, 
D = distance between supports in inches; and 
d = diameter of bar in inches. 





25. Although any value of the modulus of rupture of cast 
iron is approximate, even for bars of the same length and section, 
the value may be regarded as a useful strength index, under stand- 
ard testing conditions, of the combined influence of chemical com- 
position, heating temperature, pouring temperature, structure, 
ete. Values of modulus of rupture of the three irons are shown 
in Fig. 6 and Tables 1, 2 and 3. 

26. Tests on the 1.5-inch diameter bars, machined to 1.2-inch 
diameter, were completed only with iron A. The removal of a 
layer 0.15 inch thick from the surface of the bars resulted in 
values considerably lower than the corresponding values obtained 
on the unmachined 1.2-inch bars. The maximum strength for the 
four sizes of bars of iron A did not occur for the same maximum 
heating temperature. The same was found to be true for iron B. 





7A.8.T.M. Standards, 1930, pt. 1, p. 503. 
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Fic. 6—MopULI OF RUPTURE AND MODULUS OF ELASTICITY AS AFFECTED BY 
MAXIMUM HEATING TEMPERATURE. 


The heating temperature required to produce the highest strength 
for these two types of iron appears to be related to the cross-sec- 
tional area. 

27. In the case of iron C, the maximum strength was ob- 
tained with the metal which had been heated to 1600 degs. Cent. 
(2910 degs. Fahr.) This result bears out the statement by Pi- 
wowarsky® that, as the silicon content of a cast iron is lowered, 
the degree of superheat required to produce the maximum prop- 
erties must also be raised. 

28. On the basis of the results shown in Tables 1, 2 and 3, 
it would appear that irons A and C were much more susceptible 
to superheating than iron B. This iron practically did not re- 
spond. 

29. Deflection and Modulus of Elasticity. Deflection meas- 
urements were measured by the travel of the bed of the Amsler 
machine during the loading period. The deflection-indicating de- 
vice on the testing machine was found to check closely with a 
deflection meter whose least count was 0.001 inch. The deflections 
for all sizes of bars are given in Tables 1, 2 and 3. 

30. The apparent modulus of elasticity for the 1.2-inch cast 
bars as affected by different degrees of superheating is shown in 


* Piwowarsky, E., Progress in the Production of High-Test Cast Iron. TRANS- 
ACTIONS A.F.A. (1926), v. 34, p. 937 
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Fig. 6 and also in Table 1. The values of the modulus of elas- 
ticity given were calculated from the following formula: 
L D 


E=Fis 


where S = deflection, 
L = load, 
D = distance between supports, 
I = moment of inertia; and 
E = modulus of elasticity. 


For round bars, the following calculation formula is 
used : 
0.4244 « L & D*® 


ee ae 
and when D —18 inches and d= diameter of the bar, 
the following formula is used: 
2475 & L 
peat «Bd 
d* $ 

31. This formula is based on assumptions which are not 
strictly true for cast iron, and the values obtained should not be 
compared with values for the modulus of elasticity of steels as 
ordinarily determined. It is believed, however, that the values 
are an index of the stiffness of the bars tested. 

32. The moduli of elasticity calculated for the intermediate 
load of 1200 lbs. were much greater than the value caleulated for 
the breaking load, and the values corresponding to the 1500-Ib. 
load (Table 1) lay between the two. There is no obvious rela- 
tionship between the moduli of rupture and of elasticity; that is, 
the higher values of the molulus of rupture do not correspond in 
many cases with the higher value of the modulus of elasticity. 

33. Hardness. Hardness determinations were made by 
means of Brinell, Rockwell and Vickers hardness testing machines 
on dises 14-inch thick eut from the tested transverse bars adja- 
cent to the fracture. The Vickers, Rockwell and Brinell numbers 
are given in Tables 1, 2 and 3, and are plotted in Fig. 7 for the 
various heating temperatures for the three irons. 

34. Each of the Rockwell and Vickers numbers given are 
an average of seven readings, four near the circumference and 
three from the central portion of the specimen. One Brinell im- 
pression was made on the specimen from each of the 1.2 and 0.75 
inch bars, whereas the numbers for the 2.2-inch bar are averages 
of five impressions. 

35. The curves for hardness numbers of the different test 
specimens obtained for the different heating temperatures show 
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Fic. 7—RELATION OF HARDNESS TO MAXIMUM HEATING TEMPERATURE. 


the same general trend as the corresponding curves representing 
the transverse breaking strength. Here again, the cross-sectional 
area of the cast bars is also a factor. 

36. Microstructure. Cross-sections cut perpendicularly to 
the length of 1.2-inch bars from all the heats of the three irons 
(A, B and C) were examined microscopically. It is well known 
that the size and shape of the graphite particles have a pro- 
nounced effect on the physical properties of cast irons. The grind- 
ing and polishing of the specimens were done very carefully in 
order to preserve the graphite particles intact, so as to permit a 
comparison of graphite particles of different irons. 

37. The method described by Vilella® was employed in the 
preparation of the specimens, except that the final polishing was 
done by hand on heavy satin stretched tightly over a glass plate 
and covered with a thin layer of water-magnesia paste. This 
method was very satisfactory. Most of the graphite particles 
were retained intact in the polished specimens, as shown in Fig. 
8-A.° 

38. All micrographs shown in this paper represent the cen- 
tral portion of the 1.2-inch bars. ‘The micrographs shown were 


*Vilella, J. R., “Improved Method of Polseing Metallographic Specimens of 
Cast Iron.” Metals and Alloys, v. 3, 1932, p. 205 
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Fig. 8—MICROSTRUCTURE OF CENTRAL PORTION OF 1.2-INCH TRANSVERSE TEST 
Bars oF Iron A. ETCHED SPECIMENS SHOWN HERE AND IN Fics. 9 anv 10, 
ETCHED IN 5% ALCOHOLIC SOLUTION OF Picric ACID (PICcRAL). A: LOWEST 
STRENGTH IRON, MAXIMUM HEATING TEMPERATURE 1400 Dees. CENT. (2550 
Dees. Faure.) ; UNetcHep, X500. B: Samp as A; X100. O: Same as A; 
ETCHED, 500. D: Hieuest STRENGTH IRON, MaxIMuM HeEaTING TEmM- 
PERATURE 1500 Decs. Cent. (2730 Dees. Faur.) ; UNETCHED, X100. EH: Same 
as D; Ercuep, X500. ; 
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Fig. 9—CeENTRAL PorTIONS OF 1.2-INCH TRANSVERSE TEST Bars oF IRON B. 

A: LOweEsT STRENGTH IRON, MAXIMUM HEATING TEMPERATURE 1500 Dees. 

Cent. (2730 Decs. Faur.); UnetcHuep, X100. B: SAME SPECIMEN AS A; 

Ercuep, X500. OC: HicgHEST STRENGTH IRON, MAXIMUM HEATING TEMPERA- 

TURE 1400 Decs. Cent. (2550 Decs. Faur.); UNetcHep, X100. D: Same 
SPECIMEN AS OC; EtcHep, X500. 


selected as representative of the structure of the 1.2-inch bars 
showing the highest and the lowest strength for each of the three 
irons. 

39. Fig. 8 shows the microstructure of two samples of iron 
A which had been heated to temperatures of 1400 and 1500 degs. 
Cent.. (2550 and 2730 degs. Fahr.) The outstanding structural 
features of iron A are the large amount of phosphide eutectic, the 
long, straight graphite flakes and the coarse pearlite. The struc- 
ture of iron A having lowest strength, and which had been heated 
to a temperature of 1400 degs. Cent. (2250 degs. Fahr.), is shown 
in micrographs B and C, Fig. 8. The cavities and graphite flakes 
are very noticeably larger, and the pearlite is coarser than the 
corresponding structure of iron A having the highest strength, 
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» 
a my 
Fig. 10—CENTRAL PORTIONS OF 1.2-INCH TRANSVERSE TEST Bars oF Iron OC. 
A: Lowest STRENGTH IRON, MAXIMUM HEATING TEMPERATURE 1400 Dgcs. 
Cent. (2550 Decs. Faur.); UNetcHep, X100. B: Same aS A; ETCHED, 
X500. OC: IRON POSSESSING VERY HIGH MODULUS OF ELASTICITY, MAXIMUM 
HEATING TEMPERATURE 1500 Decs. CentT. (2730 Decs. Faur.) ; UNETCHED, 
X100. D: Same as OC; Ercuep, X500. #: HiecHest STRENGTH IRON, MAXxI- 
MUM HEATING TEMPERATURE 1600 Dees. Cent. (2910 Dees. Fanr.); UN- 
ETCHED, X100. F: Same as Z£; ErcHep, X500. 
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heated to a maximum temperature of 1500 degs. Cent. (2730 degs. 
Fahr. ) 

40. The difference in strength, hardness and density be- 
tween the bars of iron A, having the lowest and highest strengths, 
was very pronounced and cannot be explained on the basis of 
chemical composition, because the highest strength iron contained 
a larger amount of graphite and a smaller quantity of combined 
carbon. The difference in microstructure affords a satisfactory 
explanation of this difference. 

41. Fig. 9 shows the structure representative of two heats 
of iron B. In iron B a great amount of phosphide eutectic was 
also present. The lowest strength iron of this class (micrographs 
A and B, Fig. 9) which had been heated to 1500 degs. Cent. (2730 
degs. Fahr.) had a pearlite structure associated with the coarser 
graphite. Micrographs of the highest strength bars of iron B 
which had been heated to a maximum temperature of 1400 degs. 
Cent. (2250 degs. Fahr.) are shown in C and D of Fig. 9. 

42. Fig. 10 represents three heats of iron C. The sizes of 
graphite flakes shown in micrographs A and E, Fig. 10 of speci- 
mens from two heats which had been treated to maximum heating 
temperatures of 1400 and 1600 degs. Cent. (2250 and 2910 degs. 
Fahr., respectively), were quite similar to those in irons of class B. 

43. The microstructure of the bars of iron C having the 
lowest strength, shown by micrographs A and B of Fig. 10, indi- 
cated that the graphite flakes were somewhat larger than those in 
the corresponding bars of highest strength, shown in E and F, Fig. 
10. The structure of the highest strength iron consisted of a 
pearlitic-sorbitic matrix with islands of free cementite. 

44. The graphite particles of iron C, heated to maximum 
temperatures of 1500 and 1700 degs. Cent. (2730 and 3090 degs. 
Fahr.) were much finer than those of any other irons examined. 
The structure of the iron heated to 1500 degs. Cent. (2730 degs. 
Fahr.) is shown in micrographs C and D, Fig. 10. It is of inter- 
est to note that the modulus of elasticity (Fig. 6 and Table 1) of 
these two irons was the highest of all observed. 


IV—SuMMARY 


45. The effects of maximum heating temperature of the li- 
quid metal on the shrinkage, running qualities, transverse 
strength, hardness, density and microstructure of three types of 
iron are discussed. 
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46. The specific volume-temperature relations for the three 
irons in the liquid state were not affected by the maximum heat- 
ing temperature. In general, the density and linear contraction 
increased with the degree of superheat imparted to the liquid 
metal. 

47. The running qualities of these irons were dependent 
upon the liquidus temperature and apparently were not influenced 
by maximum heating temperature. For a chosen pouring tem- 
perature, the heats of iron having the lower liquidus temperature 
have superior running qualities. 

48. The maximum strength for the bars of different diam- 
eters, for two types of iron, did not occur for the same maximum 
heating temperature and appeared to be influenced by the cross- 
sectional area. The strength of all bars for the third type of iron 
varied proportionally with the maximum heating temperature. 

49. Tests on the 1.5-inch diameter bars machined to 1.2-inch 
diameter indicated that the removal of the skin layer resulted in 
values considerably lower than the corresponding values obtained 
on the 1.2-inch diameter bars as cast. The deflection value for 
the machined bar was, in general, greater than the deflection of 
the 1.2-inch bar as cast. 

50. There is no obvious relationship between the moduli of 
rupture and of elasticity ; that is, the higher values of the modulus 
of rupture do not correspond in many cases with the higher values 
of the modulus of elasticity. 

51. Brinell, Rockwell and Vickers hardness numbers for the 
different maximum heating temperatures show the same general 
trend as the modulus of rupture. 

52. The cross-sectional areas of the cast bars appear to be 
the controlling factor for strength and hardness, the effect of 
superheating prior to pouring being a relatively minor one. 

53. The microstructure of the 1.2-inch bars indicates that 
those irons of low strength are associated with relatively large 
straight graphite flakes and coarse pearlite, whereas the irons of 
highest strength are associated with relatively small graphite 
flakes and a matrix of fine pearlite or sorbite. 
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ORAL DISCUSSION 


J. T. MacKenzie:’ I would like to point out, in connection with elec- 
tric furnace operation, that the carbon of iron A, melted in the induction 
furnace with a magnesia crucible with only the oxygen of the air present, 
dropped from 3.67 to 3.44 per cent, on iron B it dropped from 2.95 to 
2.80 per cent, and on iron C it dropped from 3.84 to 3.60 per cent. From 
this we might accept the fact that this drop in carbon is more a func- 
tion of the maximum heating temperature of cast iron than it is of the 
type of the electric furnace. 

MemsBer: Is there a critical temperature at which the cast irons 
may be poured that will bring out the better physical properties of the 
iron? 

J. T. MacKenzie: The authors did not investigate the pouring 
temperatures. Temperatures given are maximum heating temperatures. 
They endeavored to pour test bar molds at 270 degrees Fahr. (150 degrees 
Cent.) above the liquidus temperature no matter what maximum heating 
temperature was being investigated. 

CHAIRMAN R. S. MAcPHERRAN *? I believe the most important point 
brought out is that some irons are benefited definitely by superheating 
and some are injured. Superheating is not a good thing for all irons. 
Low carbon irons are injured by superheating. 


Ny 1 American Cast Iron Pipe Co., Birmingham, Ala. 
2 Allis-Chalmers Mfg. Co., Milwaukee. 











Silicon and Manganese as Deoxidizers 
in Cast lron 


By A. H. DierKxer,* CoLtumsus, O. 


Abstract 

To determine the effects of varying the amounts of 
manganese on the physical properties of a gray cast iron, 
manganese was added to a low manganese iron, produc- 
ing specimen with 0.46, 0.62, 0.94 and 1.20 per cent man- 
ganese. Brinell hardness dropped on the first addition 
and then gradually increased on further additions. The 
original pearlitic structure was changed first to a fer- 
ritic structure. As more manganese was added, the 
amount of pearlite was increased in proportion to the 
manganese added. The author presents his theory to 
account for these changes. 

1. In certain melts of gray cast iron made in the laboratories 
of the Engineering Experiment Station, Ohio State University, 
Columbus, O., a marked change in physical properties was secured 
by making increasing additions of small amounts of manganese. 

2. Fig. 1, curves 1 and 2, shows the effect on Brinell hardness 
of increasing additions of manganese to iron low in that element. 
The specimens were all poured from the same melt of the following 
composition: TC., 3.24 per cent; Si., 1.93 per cent; P., 0.02 per 
cent; S., 0.02 per cent; and Mn., 0.18 per cent. (Fig. 6 shows the 
type of specimens used.) This melt was made in an electric are 
furnace. No manganese was added before pouring the first set 
of specimens. Increasing manganese in the remaining specimens 
was secured by ladle additions of 80 per cent ferromanganese. 

3. It will be noted that the drop in hardness on the first man- 
* Engineering Experiment Station, Ohio State University. 


TE: This paper was presented at one of the sessions on Cast Iron at the 
1933 yA of the American Foundrymen’s Association. 
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FIG. 1—EFFECTS ON BRINELL HARDNESS OF INCREASING ADDITIONS OF 
MANGANESE TO IRON OF LOW MANGANESE CONTENT. 

ganese addition is abrupt and that increasing manganese gradually 
increased the hardness. With the change in hardness, the specimens 
showed a corresponding change in structure which can be seen 
from an inspection of the micrographs shown in Fig. 2. It will be 
noted that the original structure is pearlitic. The first manganese 
addition changes the structure to an almost completely ferritic 
structure. With further manganese additions, there is a gradual 
return to the pearlitic structure. 

4. Other investigators have found previously that small in- 
creases of manganese in low sulphur, low manganese irons had an 
apparent graphitizing effect. Norbury’ explains the graphitizing 
action of small amounts of manganese as an indirect one due to 
manganese combining with and nullifying the carbide-stabilizing 
action of traces of iron sulfide. Apart from this indirect graphitiz- 
ing action, Norbury found the normal function of manganese is to 
stabilize iron carbide and to increase the tendency to chill. 

5. This would appear a reasonable explanation of the phe- 
nomena described except that in this case the residual manganese 
present seems ample to take care of the small amount of sulphur. 


1A. L. Norbury, The Influence of Manganese in Cast Iron, Proceedings, Insti- 
tute of British Foundrymen, Vol. 22, pp. 151-176, 1928-1929. 
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FIG. 2—MICROGRAPHS SHOWING CHANGE IN STRUCTURE OF AN IRON 
WITH INCREASING Mn ADDITIONS. MICROGRAPHS TAKEN AT CENTER 
OF 1x2-IN. BAR AS CAST, 200X. (1) 0.18 PER CENT Mn; (2) 0.46 PER 
CENT Mn; (3) 0.62 PER CENT Mn; (4) 0.94 PER CENT Mn; (5) 1.20 PER 
CENT Mn; (6) 1.26 PER CENT Mn. 
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The effect of normalizing and annealing on the specimens also 
leads away from the sulphur theory. Curves 3 and 4, Fig. 1, show 
that on either normalizing or annealing, the specimens assume 
their logical order ; i.e., increasing hardness with increasing man- 
ganese content. 

6. By assuming oxygen to be an important element in the 
above specimens, it is possible to evolve a theory that, although not 
conclusive, seems to fit the facts in the case. 

7. The principal deoxidizing elements in cast iron are car- 
bon, manganese, and silicon. The primary reactions are: 

1. Si + 2 FeO—Si0, + 2 Fe + 65 Cals. 

2. Mn + FeO—Mn0 + Fe + 26 Cals. 

3. C+ FeO—CO-+ Fe— 36 Cals. 

8. These reactions are reversible and do not go to comple- 
tion. They tend to reach equilibrium and, theoretically, the melt 
can never be deoxidized completely. The equilibrium constant will 
vary with the temperature. At elevated temperatures, reactions 
1 and 2, being exothermic, will tend to move toward the left while 
reaction 3, being endothermic, will move toward the right. It is 
an accepted fact that manganese and silicon are most effective as 
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FIG. 3—EFFECT OF SILICON AS A DEOXIDIZER (McCANCE). 


deoxidizers at relatively low temperatures, while carbon is best at 
high temperatures. 

9. Just how much oxygen may be present in molten cast iron 
is not known. However, it is probable that any cast iron melted 
by ordinary commercial methods will contain oxygen in sufficient 
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amount to effect the physical properties of the material when sol- 
idified. Assuming that some FeO is present in the superheated 
molten metal, it is possible to visualize the reactions that take place 
as the temperature drops. 

10. Fig. 3 is taken from the work of McCance.* Attention 
is called to it merely to show the tendency of silicon as a deoxi- 
dizer. It can be seen readily that, as the temperature drops, silicon 
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FIG. 4—EFFECT OF MANGANESE AS A DEOXIDIZER. 


becomes more effective as a deoxidizer. This would be suspected, 
since the oxidation reaction is exothermic. As the temperature 
drops, more and more silicon is oxidized. McCance believes that 
the SiO, formed is precipitated as fine, dust-like particles of sub- 
microscopic size which, due to their high melting point and vis- 
cosity, do not coagulate readily. This precipitate easily could be a 
ferrous silicate high in silica instead of straight SiO,. In either 
ease, the effect would be the same. 

11. Fig. 4 shows that manganese, like silicon, becomes more 
effective as a deoxidizer as the temperature drops and for the same 
reason. With both silicon and manganese present in the melt, the 
amount of deoxidation accomplished by each is dependent on the 
relative concentration of the two elements. MnO is quite basic, is 
soluble in FeO and probably in the melt. It combines readily 
with SiO, and FeO to form iron manganese silicates. Herty* has 
found that silicates high in MnO apparently coagulate into larger 
sized particles than those low in this oxide. Although there may 


2A. M’Cance, Balanced Reactions in Steel Manufacture, Transactions, Faraday 
Society, Vol. 21, p. 176, 1925. 

Cc, H. Herty, Jr., Fundamental and Applied Research on the Physical Chem- 
istry of Steel Making. U.S. Bureau of Mines, R. I. 3054, 1930. 
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be some doubt as to whether or not these are formed in time to 
levitate out of the melt, still, for reasons to be discussed shortly, 
it is believed that these larger particles have a markedly less effect 
on the properties of the iron in which they occur, than the finely 
disseminated siliceous particles to which previous reference has 
been made. 





FIG. 5—MICROGRAPHS SHOWING CHANGE IN STRUCTURE OF NORMAL- 
IZED IRONS WITH INCREASING MANGANESE ADDITIONS. MICRO- 
GRAPHS TAKEN AT CENTER OF 1x2-IN. BAR, 200X. (1) 0.18 PER CENT 
MANGANESE; (2) 0.46 PER CENT MANGANESE; (3) 0.62 PER CENT 
MANGANESE; (4) 0.94 PER CENT MANGANESE; (5) 1.20 PER CENT 
MANGANESE, 
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12. In the chemical analysis of cast iron for silicon, no dis- 
tinction is made between the silicon present in solid solution and 
that present as an oxide. Henee, all the silicon shown by analysis 
may not necessarily be in solid solution and therefore may not all 
be available as a graphitizer. It would appear unlikely that suf- 
ficient silicon was oxidized to account for the wide difference in 
graphitization noted in the experiments described if it is merely 
a matter of takng silicon out of solution. It is not unreasonable to 
expect that, if the oxidized silicon is precipitated as a cloud of 





FIG. 6—SIZES AND SHAPES OF THREE TEST BARS. 


submicrosecopic particles, these particles could obstruct the dif- 
fusion of carbides to the grain boundaries and cause these carbides 
to precipitate out within the grain itself forming pearlite. Coe* 
found that manganese also has a marked effect on the diffusive 
power of iron earbide and, with sufficient manganese present, in- 
stead of being driven to the edges of the solid solution, the carbide 
separates in the solid solution itself. 

13. On this basis, an attempt will be made to explain the 
structures shown in Fig. 2. In the first specimen, due to oxida- 
tion of some of the silicon and to the nature and distribution of 
the precipitated oxides, the carbides are prevented from diffusing 
to the grain boundaries and the pearlitic structure shown results. 
In the second specimen, not only has less silicon been oxidized due 
to the addition of manganese, but the oxides formed are of a dif- 





4H. I. Coe, Manganese in Cast Iron and the Volume Changes During Cooling, 
Journal, Iron and Steel Institute, Vol. 82, Pt. II, p. 105, 1910. 
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ferent type, a type which does not hinder carbide diffusion. The 
carbides readily diffuse to the grain boundaries and graphitize. 
Thus the ferritic structure shown is secured. As more manganese 
is added, that element becomes an active agent in obstructing 
carbide diffusion and the pearlitic structure again is present. 

14. All these structures have been secured by cooling from 
the melt. In reheating, the oxidation reactions are reversed and 
if, in the case of the first specimen, the silica is as finely divided as 





FIG. 7—STRUCTURE OF IRONS OF THE SAME COMPOSITION CAST INTO 
BARS OF VARIOUS SIZES. (1) 1%x3-IN.; (2) 1x2-IN.; (3) %4x1-IN.; 
(4) %4x%-IN. STRUCTURE AT CENTER OF EACH BAR, 200X. 
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it is assumed to be, it is possible for it to be reduced by the carbon 
with an increase in FeO content; i.e., the O, goes back in solution. 
Grossman® and Herty® have found that in carburized steels low in 
manganese, dissolved oxygen caused abnormality; i.e., diffusion 
and concentration of the carbides leaving ferrite areas, between 
the pearlite and the grain boundary carbides. 

15. In gray cast iron, the carbides are unstable and graphi- 
tize. Therefore, instead of grain boundary cementite, graphite 
flakes are present. If the first specimen is low in manganese and 


Table 1 
Tests or Gray Cast Iron ContvarINnING 0.40 To 0.50 Per Cent MANGANESE 
Tensile Brine! Composition 
Size of Strength rinell of All Specimens 
Specime Lbs. 1 sq. in. No. 
— fie TC 3.12 
1% in. x3 in. 38,650 203 Si 1.26 
lin. x2 in. 40,550 213 P 0.024 
%in.x1 in, 42,800 255 S 0.040 
¥Y in. x \% in. 77,500 363 Mn. 0.48 


contains dissolved oxygen, we would expect to find, on normaliz- 
ing, ferrite areas surrounding the pearlite. We also would expect 
to find the free ferrite lessened as the manganese increased. Fig. 
5 shows specimens to be as expected with the free ferrite areas 
decreasing with increasing manganese content. 

16. Although having no direct bearing on the arguments 
presented, it may be of some interest to conclude the discussion by 
showing the results of tests of a melt of gray iron in which it was 
attempted to keep the residual manganese at a point where max- 
imum graphitization in the material would result ; 7.e., 0.40 to 0.50 
per cent manganese. The melt was made in an electric furnace 
and poured into bars of the type shown in Fig. 6. The largest 
bar was poured separately and is not shown. These bars, although 
perhaps not acceptable as a standard, in general have proved sat- 
isfactory for the type of work in which the effect of size of speci- 
men on structure is of more importance than an absolute measure 
of tensile strength. They are easily cast, easily finished, and need 
no special equipment for testing. Table 1 shows the results of 
tests of these bars poured from the melt mentioned. All speci- 


5M. A. Grossman, Oxygen in Steel. Transactions, A.S.S.T., Vol. 18, p. 601. 


6C. H. Herty, Jr., Non-Metallic Inclusions in Steel. Transactions, A.S.S8.T., 
Vol. 19, p. 36. 
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mens except the smallest, which was quite hard, were machinable. 
Fig. 7 shows the structures, which are pearlitic throughout ex- 
cept the last, which showed large carbide areas. 


ORAL DISCUSSION 


MEMBER: Can Mr. Dierker tell us the percentage of steel in his base 
charge? 

A. H. DrerKer: I do not recall the exact makeup of the base charge. 
We used a small direct are furnace on these melts and the charges were 
made up entirely of scrap from previous melts. Some of these previous 
melts were a synthetic iron of steel plus graphite. Where a melt ex- 
tremely low in manganese, phosphorus and sulphur is wanted, we use 
special Armco melting scrap plus graphite. We have also used wash metal. 
There was no steel at all in the heats of these test bars, just scrap from 
previous melts. 

MEMBER: Did you duplicate those results, pouring the test bars one 
to a flask rather than as a series in one flask? The heat in the pouring 
box will affect the physical properties and the microstructure, provided 
the bars are all poured on the same sprue. 

A. H. DrerKER: We have not attempted the separate casting method. 
We pour sets of castings in the same way and get a comparison between 
one melt and another. I do not think you can use those results as an 
absolute measure and we do not give them out as such. 

R. S. MaAcPHERRAN :' Did the author determine the amounts of oxy- 
gen in the specimens shown in micrographs 1 and 2, Fig. 2? 

A. H. DrerKer: We made no attempt to determine the oxygen, for 
several reasons. It is a difficult determination to make and you are never 
sure that it has been done exactly right. In this particular instance, it 
would have proved nothing if we had found exactly the same amount of 
oxygen present in each case. If you will recall my arguments, it is not 
the amount of oxygen present but the form the oxygen takes that is 
important. Had we determined the total amount of oxygen, it might 
have shown the same in either case, and our results would have been 
of no value. Since we have been unable to find any method of deter- 
mining the exact form which the oxygen takes, we have to theorize until 
we do. 

R. S. MacPHERRAN: Various determinations made years ago by 
Johnson and Stewart pretty well proved that the presence of oxygen in 
small amounts will both harden and strengthen cast iron. The removal 
of that oxygen might explain the change in samples 1 and 2, Fig. 2. We 
have found in chill blocks that, if the manganese is low, the addition of a 
small amount will take out part of the chill. When a certain limit is 
reached the manganese increases the depth of chill. I wonder whether 
this effect was not due partly to a change in the amount of oxygen 
present. 


1 Allis-Chalmers Mfg. Co., South Milwaukee, Wis. 
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A. H. DrerKer: Johnson’s work was very good except that I think 
he overlooked certain things when adding oxygen to cast iron*in any 
quantity, especially in the quantities which he added where he actually 
blew his metal by a sort of a modified Bessemer process. In the Bessemer 
process, they burn out the silicon and carbon and that is exactly what 
Johnson did. When that quantity of oxygen is added you actually oxi- 
dize out a very appreciable amount of the silicon. He lowered his silicon 
and carbon content and, of course, he made harder and stronger iron. 
He put oxygen in deliberately but his analysis showed he oxidized out an 
appreciable amount of his silicon and carbon. 

H. B. Swan? In reference to Johnson’s work, I happened to have 
done some of his work at our plant. As I recall it, there was no change 
in either the silicon or manganese, and this particular addition of strength 
was maintained through repeated meltings of that iron. I do not recall 
that the additional strength as checked up with the micrographs was due 
to oxidation of either the manganese or silicon. 

A. H. DrerKer: Mr. Johnson,’ in reporting his work states that “A 
heat of metal of 1.0 per cent silicon was blown in a side blow convertor 

. until the carbon flame began to break through, showing the silicon 
was gone. . . . With this metal was mixed an equal volume of 2.0 per 
cent silicon iron direct from the cupola and ffom that mixture test bars 
were cast.” 

Mr. Swan undoubtedly refers to crucible remelts of this material 
made at the Cadillac Motor Car Company, in which case, there would be 
no reduction in silicon. 


H. Bornstein :* Mr. Dierker, did you make any further experiments 
with more commercial types of iron? We know that 0.18 per cent man- 
ganese is not commercial, neither is .02 per cent sulphur. I was won- 
dering whether you had made some tests, starting in with a commercial 
analysis and then making manganese additions to note the effect. We 
would expect that an iron of the composition shown, with about 0.50 per 
cent manganese, would not have ordinarily a ferritic structure such as 
you obtain by the manganese additions. Suppose you start with a com- 
mercial analysis, what would you obtain later? 


A. H. DrerKer: We have not gone that far as yet. We happen to 
be in the fortunate position that we do not have to get commercial re- 
sults, but we like to do it when we can carry experiments that far. Of 
course, you understand that when you get into commercial cast iron in 
the high sulphur and high phosphorus class, you are introducing certain 
other variables. When we start, we like to keep the variables as few as 
possible, then gradually increase as we go along. We hope to carry on 
experiments into the commercial ranges and, when we do, we will be 
glad to report our results. 


H. BorNstTEIN: I cannot see that you are introducing any more 
variables. You are introducing different quantities of those variables. 





2 Cadillac Motor Car Co., Detroit, Mich. 
3 Met. & Chem. Eng., Vol. XV, No. 11, p. 644. 
4Deere & Co., Moline, IH. 
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You still have the sulphur, whether you have 0.02 or 0.06 per cent. You 
still have the manganese whether it is 0.18 or 0.50 per cent. 

MEMBER: Did you notice any kick-back in the risers upon the addi- 
tion of increasing manganese, a sort of blow-back in the risers in any of 
your tests? 


A. H. DrerKer: We noticed nothing abnormal in the pouring of the 
bars. They all had normal shrinkage and all were solid at the gates. 
Had there been a difference, we probably would have noticed it. 








The Field for Materials Handling 


in Semi-Production Foundries 


By Raueu G. WIELAND,* CLEVELAND 


1. This paper has been prepared to stimulate the design of 
materials-handling equipment for semi-production foundries. As 
is well known, the production foundries such as are engaged in 
the manufacture of automotive parts, pipe, sanitary, boilers, 
radiators, ete., have cut their costs tremendously through the use 
of materials-handling methods. 


2. Comparatively few semi-production foundries, however, 
have installed machinery to handle their materials more efficient- 
ly. This is due to the wide range of products cast in a single shop, 
since such shops are mainly jobbing foundries, and also to the fact 
that materials-handling equipment manufacturers have, in the 
past, devoted most of their efforts to the design of equipment for 
large-production, continuous-pour foundries. 

3. It will be the object of this paper, therefore, to outline 
some of the fundamentals for better methods of materials han- 
dling in semi-production foundries. 

4. The semi-production foundry may be defined as a plant 
melting from 10 to 50 tons per day but which is not operated as 
a continuous-pour shop. Such @foundry may also be described as 
employing from 10 to 70 molders, working chiefly on power mold- 
ing machines with orders from 100 molds to 2000 molds on indi- 
vidual patterns. Some molders may be running two or three dif- 
ferent patterns on the same day in different size flasks; some work 
will be cored, and some will be plain. Casting weights may vary 
from one pound to 300 lbs., and sections may vary from \% inch to 
2 inches in thickness. 

5. While it is desirable at all times to produce the smoothest 
castings possible, in a shop of this type there will be a consider- 





* Forest City Foundries Co., Plant “B.” 
Note: This paper was presented before the Materials Handling session at 
the 1933 Convention of American Foundrymen’s Association. 
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able difference in the required finish of castings from different 
patterns. 

6. From the above description it will be seen that, while 
this paper will apply chiefly to the gray iron foundry, part of the 
text nevertheless will be equally applicable to nonferrous, malle- 
able and steel foundries. Several hundred foundries would come 
under this classification, and when it is remembered that it ordi- 
narily requires the handling of approximately 150 tons of ma- 
terial to produce one ton of gray iron castings at the shipping door, 
it will be recognized that this material must be handled efficiently 
in order to produce castings at low cost. 

7. In the new order of industry today, with plants operat- 
ing on shorter working hours per week, materials handling neces- 
sarily will play a big part. Since cost of production determines 
the success of any business, both time and cost considerations will 
be dealt with in this paper. 


Handling Raw Materials from Cars 


8. To secure information on equipment for handling raw 
materials on their receipt at the track, the writer wrote to sev- 
eral equipment manufacturers, endeavoring to find something 
suitable for the type of foundry being described. In each ease, 
however, he was unable to obtain definite, satisfactory informa- 
tion. 

9. At present, the least expensive method of getting raw 
materials from cars to the storage bins is to bring the cars in on 
an overhead switch and drop the materials direct from the cars 
into their respective bins. This is employed by many larger melt- 
ers, but the expense of erecting the necessary facilities is too great 
for the average semi-production foundry. 

10. Perhaps the next best method of unloading is by crane. 
Where space permits, this method can be used quite economically 
for sand, coke, pig iron, ete., especially when the crane can place 
pig iron, serap and coke direct on the charging floor. Sufficient 
labor is saved with this type of equipment for the foundry with 
smaller tonnages to make substantial savings. 

11. Another method of unloading cars of scrap and sand 
is by the continuous belt, in which the materials are taken directly 
from the car and dropped in the bin. A simple labor-saving de- 
vice for handling pig iron consists of the ordinary roller convey- 
or, allowing the pig iron to roll into separate bins. 
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12. The question as to which of these devices is most eco- 
nomical for a foundry to use depends upon the tonnage unloaded 
and the labor rate paid by the foundry. 


Charging the Cupola 


13. For charging raw materials into the cupola, investiga- 
tion shows that, at present, hand methods still are used almost 
entirely. Mechanical cupola-charging equipment, however, has 
made some very definite forward strides and has been improved 
considerably since first it was introduced. A number of such 
systems are on the market that can be used by the average foun- 
dry at a saving, although in the author’s opinion a cupola would 
have to melt at least 30 tons per day to warrant the expense of 
such an installation. 

14. In the writer’s opinion, there is still much room for 
improvement of cupola-charging equipment now on the market, 
and surely there must be some device for economically charging 
cupolas of smaller tonnages. 

15. Perhaps the greatest stride that has been made in the 
past few years in materials-handling equipment for foundry use 
is in the distribution of molten metal from the cupola to the 
molders’ floors. Almost every foundry has either a monorail, nar- 
row-gage track, or cranes for relieving the molder from carrying 
his ladle of iron from the cupola to his floor. The cost of mono- 
rails is so low that a foundry can hardly afford to be without 
them. 

16. Relieving the molder of carrying his iron by hand is an 
improvement that immediately shows up in larger production per 
day per molder, plus a definite improvement in the finished cast- 
ings. 


Handling Molds 


17. The molding department offers what is probably the 
greatest field for savings through proper materials-handling 
methods. To make molds most economically, we immediately think 
of power molding machines for jolting, squeezing, rolling-over and 
pattern draw. These types of machines are now so flexible that 
the jobbing foundry with many different size flasks finds these 
machines very adaptable to its use. The sandslinger has become 
quite common in use, the sand-handling feature of this machine 
being a considerable labor-saving device in itself. 
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18. Naturally, in using any or all of these labor-saving mold- 
ing machines, well-made and well-prepared patterns are of prime 
importance. 

19. In eonnection with the handling of sand by the molder, 
the old method of using the shovel for filling the mold from a sand 
heap on the floor was slow and expensive. Certainly, where we 
strive to get more uniform castings and greater production per 
day, some kind of an overhead sand-handling system should be 
employed that will give properly conditioned sand to the molder, 
when and where and how he wants it. 

20. In the past few years some condensed sand-handling sys- 
tems have been developed that made it possible for foundries 
employing anywhere from 12 men up, to have sand-handling equip- 
ment, if during times of normal operation they can well afford to 
install them. Some of these systems are quite flexible, and it is 
possible to start with part of a system and add to it as the times 
and conditions permit. 


Sand Handling 


21. Sand-handling equipment is not necessary at all times for 
continuous pouring. In the case of the continuous pour, the mold 
must be taken away from the molders’ floor by trolley, belt or 
rollers, conveyed to the pouring platforms and taken over to the 
shakeout, the sand dropping into the reconditioning hopper and 
the casting going on to the cleaning room. This type of mold 
handling is not at all unwieldy, and the upkeep is, as a rule, quite 
low. 

22. In the mechanical handling of sand from shakeout to a 
molder’s floor, new problems arise that must be worked out very 
carefully, especially as to the conditioned sand to be furnished 
the molder. 

23. Sand must not be so hot that it cannot be used. It must 
not be balled up so that it makes castings of poor surface appear- 
ance. It must not be too wet nor too dry for the particular job 
required, and, of course, here is where the problem of the jobbing 
foundry that runs varied types of castings comes in, as to the type 
of sand to be furnished each floor. 

24. In this entire discussion it should be remembered that, 
due to the wide range of work, most semi-production foundries 
require at least two different types of sand, either because of finish 
or of the permeability necessary on chunky or cored work. The 
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semi-production jobbing foundries also require great flexibility. 
Many of these foundries sell their entire production as rough iron 
castings. It may happen, however, that in any six-month period 
the customer list may change considerably and therefore change 
the type of product. 

25. All these matters must be studied over very carefully 
before definitely deciding on the type of equipment that is ap- 
plicable to any one job, in any one foundry. 


Summary of Molding Department Requirements 


26. To sum up the molding department, a semi-production 
foundry requires sand conditioning and handling equipment to 
capably produce at least two different kinds of sand and keep them 
separate. It needs great flexibility in order that only one-third 
or one-half of the unit may be run at one time if necessary ; other- 
wise, small systems for 8 or 16 molders should be installed. It 
needs flexibility so that different types and sizes of patterns can 
be run. It needs a simple method of removing the molds from the 
molder and of returning the sand, bottom boards, pouring jackets 
and flasks to the molder, and a means of removing fine dust at 
the shakeout. 

27. The author sincerely believes that the question of sand 
handling in the foundry is only in its infancy, and that it will not 
be very long before a foundry, in order to exist, will have to handle 
its sand mechanically. 


The Shakeout 


28. The next operation to be considered is the shakeout. If 
the shakeout is not a part of a continuous molding system, mono- 
rails provide about the simplest method for transporting castings 
from the shakeout floor to the cleaning department. If included 
in a continuous molding layout, a system of trucks or rolls or 
monorails can be used for moving these castings—always remem- 
bering, however, to handle each casting, sprue or piece of equip- 
ment the fewest possible number of times. 

29. Tied in with the system of bringing the castings to the 
cleaning department should be a system of rolls, monorails or 
trucks to facilitate handling through the cleaning, grinding, chip- 
ping, inspecting and shipping departments. The departments other 
than molding require a simple system of rolls, monorails or trucks 
so that nothing is handled twice where the same results can be 
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accomplished by handling once, and also so that all back tracking 
is eliminated and straight-line production achieved. 

30. In the core room the first operation lies in mixing the 
core sand; all core rooms should be equipped with one of the 
various types of core-sand mixers. If the mixing department can 
be placed in a room above the core room, it makes a very satis- 
factory arrangement for dropping the core sand into hoppers 
directly over the coremaker’s bench. From the coremakers to the 
oven, a system of rolls or trucks could be installed to eliminate 
any long-distance carrying of cores. In addition, where produc- 
tion on individual jobs allows, the core room should be equipped 
with core-blowing machines or with jolt roll-over machines. The 
core-blowing machine has proved to be a fine materials-handling 
device and has shown large savings. Cores should be carried to the 
foundry on a truck or monorail. 


Costs for Continuous Molding 


31. The average cost of installing complete equipment for 
continuous molding has been from $2000 to $3000 per molder’s 
floor. At first glance this may seem to be a high equipment cost, 
compared with the savings possible in molding labor today. How- 
ever, under the conditions which are likely to prevail in the near 
future, this price may be low per floor in considering what the 
labor cost is likely to be. 

32. It is also highly important that the foundries should 
produce more cheaply, so as to compete with other materials which 
are continually invading the castings field. 

33. I believe most foundrymen will agree that much of the 
upkeep cost with materials-handling equipment has been the fault 
of the foundries themselves. In many eases the upkeep of this 
rather elaborate and expensive equipment has been left to rough, 
handy men who do not exercise the proper amount of care. There 
is no reason why a materials-handling system, once it is properly 
installed, cannot be kept going with a minimum upkeep cost if it 
is properly taken care of from the beginning. 

34. In closing, it should be emphasized that the comparison 
between the initial cost of the equipment, plus upkeep, against the 
molders’ earnings, is not all that can be figured in on a job. 
Mechanical equipment should provide a considerable percentage in 
additional pounds of castings per day per molder. It should make 
possible better castings, and it should allow the foundries to take 
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eare of their customers with less pattern equipment. Savings 
resulting from the use of mechanical equipment appear not only 
as dollars saved in labor but in many other ways as well. 


ORAL DISCUSSION 


MEMBER: How many tons of sand do you use per molder? 

R. G. WemLAND: We are using about 8 tons. We operate a jobbing 
foundry, not a specialty shop. 

MEMBER: Do you attempt to keep your production within certain 
weight limits on castings or do you consider a casting of any weight in 
going out to get business? 

R. G. WEILAND: We have an average, light production shop, running 
squeezers, floors, benches and roll-over machines. We try to get orders 
where there will be 50 or more molds on a single job. We generally take 
eastings below the 200 to 300 lb. weight range. 

A. F. Angeskey:* Do you not think that the foundrymen’s attitude 
toward maintenance and wear is due to the fact that in the past, say 
from 1927 to 1930, they thought too much about continuous equipment, 
while during the past 3 years, they found that a lot of this equipment 
had to be operated at 100 per cent although it possibly was producing as 
low as 5 per cent of its normal capacity yet required the same main- 
tenance? That became a heavy expense. Foundrymen were thinking too 
much in terms of automobile production as far as castings were con- 
cerned in their earlier installations and forgot entirely that they should 
have more flexibility. 

R. G. WermLAND: That is true. Although many installations have 
been made that did not get a good start and mechanical equipment was 
ruined before operation was begun. 

A. F. ANJESKEY: When our representatives approached a foundry- 
man on simple installations, the founder usually had the idea of continu- 
ously moving equipment. 

MEMBER: What was the cost per molder for equipment? 

R. G. WeEmAND: I said $2000 to $3000 per molders’ floor. 

CHAIRMAN J. B. Wess:* You speak of a molders’ floor. How many 
molders constitute that unit? 





1Tramrail Division, Cleveland Crane & Engineering Co., Wickliffe, O. 
2 Jervis B. Webb Co., Detroit. 
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R. G. Wertanp: A molders’ floor would be from 10 to 20 molders 
and the unit itself would cost $20,000 to $25,000. That would be every- 
thing in the foundry but would not cover anything in other departments. 

MEMBER: It would not include any changes to cupolas, would it? 

R. G. WeImLAND: No. Those are figures that I received from several 
reliable sources. This would not include flasks or molding equipment. 

MEMBER: We found that figure to run from $1500 to $4000 per 
molder depending on the size and elaborateness of equipment. 

MEMBER: Does the author believe mechanical handling equipment to 
be practical for charging a cupola under 30 tons capacity? 

R. G. WemAnD: Cupola charging equipment could not be installed 
unless daily capacity is 30 tons or more. I feel an attempt should be 
made to develop equipment for the smaller tonnages. 

MEMBER: As assistance to the men on the cupola floor, do you feel 
that it would be of an improvement to install equipment that would 
bring the material to the mouth of the cupola? 

R. G. WEILAND: I believe most shops have either an elevator, rail 
or conveyor of some kind, which relieves the cupola men of picking up 
the material in their hands or with a fork and throwing it in a cupola. 

A. F. ANJESKEY: It is my opinion that you could buy cupola charg- 
ing equipment for the smaller cupolas for $2000. That includes the tram- 
rail track and charger. Our greatest difficulty is educating the foundryman 
to mechanical charging. There may be advantages in hand charging and 
a lot of foundrymen will not change. I know of one foundry that is 
doing all charging by hand and they are running well over 30 tons. 

MEMBER: There are certain castings on which mechanical charging 
does not work well. I know of one foundry that pours up to 600 tons per 
day that does all its charging by hand. 

A. F. ANJESKEY: I understand that there is one radiator plant, run- 
ning on a continuous production basis, that uses mechanical charging, 
while in another plant, the management is of the opinion that mechanical 
charging is no good and they charge by hand. 

CHAIRMAN WEBB: Wouldn’t it be a good idea to understand what 
charging by hand is? You do not mean that cupola men pick up a shovel- 
ful of material and throw it into the cupola, do you? They bring the 
charges up to the cupola by what method? 

MEMBER: They use cranes. 

CHAIRMAN WEBB: That would be partly mechanical handling. What 
you mean is the actual operation of putting the material into the cupola. 

A. F. ANJESKEY: That usually is done by placing the charge in a 
bucket. The bottom of the bucket is arranged so that as soon as the 
bucket strikes the top of the material that already has been charged, the 
bucket opens automatically or the operator pulls a string when the bucket 
is 2 or 3 feet above the last layer in the cupola and the charge drops. 
Some say that bridging results from mechanical charging, others that the 
iron is not placed properly, that holes and other conditions develop. I 
think that it largely is a matter of foundrymen making up their minds 
that they can use mechanical charging equipment. Some have taken the 
attitude that it cannot be done. 








DISCUSSION 489 


R. G. WeImLanp: It is true that a lot of foundrymen prefer hand 
charging, although I think that there has been a trend to mechanical 
equipment recently. With a good bucket, one that gives distribution, 
they would be glad to put in charging equipment. 

MEMBER: The question of cupola charging is one that must be studied 
carefully. Our cupolas run about 150 tons per day, and most material 
handling engineers would say that it would be economical to use a charg- 
ing system. We have made a careful study of our conditions and one of 
our plants operating on that tonnage has a complete charging system, but 
we are doubtful whether it pays us much to use the mechanical charger. 
You must consider the coke ratio. A charging system will do the work, 
probably, but will burn too much coke. On the other hand, if you use 
hand charging, you can cut your coke ratios down a whole lot. There 
are a whole lot of angles to that problem. 

As the speaker was saying in regard to the question of using a 
charger on a 30-ton heat, I doubt whether it would prove satisfactory. 
For example, on our charging systems, and also I can speak for another 
large radiator company, they maintain about a 5 to 1 ratio. On hand 
charging we get up to 12 to 1. It is not a matter of eliminating a few 
men but a question of coke ratios and overall economies that must be 
considered. My advice to the small plant would be to study conditions 
earefully and see what the saving in labor is and how that will balance 
against other charging methods. 

CHAIRMAN WEBB: Why does mechanical charging equipment increase 
coke consumption? 

MEMBER: It is because you cannot place successive layers of coke 
and iron in the furnace the way you can by hand. It is an impossibility. 

A. F. ANJESKEY: What must the bucket do in laying the charge? 
Must you place the charge uniformly? 

MEMBER: In charging the cupola, it is desirable to get uniform layers 
of coke and iron. Buckets that I have seen cannot place the alternate 
layers of coke and iron in the cupola with the same uniformity that is 
possible with a good, well-regulated hand system. 

R. G. Wemanp: In hand charging, the fatigue element is present 
particularly in smaller plants where there is a lack of concentrated super- 
vision and where the cupola men many times charge the furnace as they 
please. 

CHAIRMAN WEBB: The author spoke of high maintenance in foundries 
on mechanical material handling equipment. My experience in material 
handling has been similar to Mr. Anjeskey’s. I had occasion to recom- 
mend some equipment to a foundry and the man in charge was an experi- 
enced foundryman with a reputation for low maintenance costs. It was my 
desire to save the firm money and I recommended a weight and type of 
equipment which I felt was husky enough from the standpoint of pure 
engineering. The foundryman said, “Foundry practice is different entirely 
from machine shop or general bulk handling because of the abrasive 
qualities, the chances of wrecks, etc.” To my surprise, he decided to buy 
equipment about three times as heavy as that recommended. The result 
is that his maintenance has been extremely low. 

I think that a little more cooperation on the part of the foundry in- 
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dustry, the material handling firms and a closer analysis of the actual 
problems involved would benefit everyone concerned. Materials can be 
earried with certain types of equipment readily under normal conditions 
but the foundry situation is abnormal, from a mechanical standpoint. 
The foundry requires stiffer and stronger equipment that will withstand 
a tremendous amount of abrasion. I liken it to the cement industry, 
where everything must be built to withstand high abrasion. 

MEMBER: While price buying was an evil of foundry mechanization, 
I think most difficulties may be laid to maintenance. I can remember 
two identical systems of about the same weight. One went to pieces in a 
short time and the other is still running. It all goes back to maintenance. 
I checked back and found one fellow greased the belt conveyor idlers once 
a week whereas the other fellow didn’t touch them for six months because 
he happened to see a folder that said they could go without greasing 
for six months. 

CHAIRMAN WEBB: That is a very good point. In a foundry, there is 
not the tendency to care for equipment because it is built for abuse. If 
the material handling industry will take that into consideration, it will 
help the situation. 








Cupola Refractories 


By Epwarp E. Marspaker,* PirrspureH. 


1. The average foundryman is accustomed to consider the 
problems incident to the lining of cupolas as more or less a matter 
of course. He is not inclined to give such problems the attention 
they deserve from the cost standpoint. More attention should be 
given to the selection of refractories from the standpoint of service 
rather than from that of price alone. 

2. Some years ago a sub-committee under the Joint Com- 
mittee on Foundry Refractories was appointed by the AMERICAN 
FoUNDRYMEN’s AssocIATION to investigate the field of cupola re- 
fractories. A great mass of data was collected and studied but 
no direct conclusions could be drawn from it. It was found that 
the cost of refractories per ton of castings varies from $0.05 to 
$1.50, and the cost of daubing varies from $0.06 to $1.68, averag- 
ing $0.20 per ton for refractories and $0.40 per ton for daubing. 
Taking these figures at their face value, the wide variation from 
the average shown by the highest and lowest values indicates that 
the operator of the first foundry might well give his refractory cost 
a great deal of attention, and that the second probably did not 
have his cost figured correctly. The figures also show that the cost 
of daubing or relining is about twice that of the original refrac- 
tories, a situation that would be expected because the lining of the 
average cupola is replaced perhaps once a year, while its melting 
zone is relined after every heat. 

3. The cost of refractories is related closely to correct cupola 
operation. If a cupola is operated so that the melting zone bridges 
over early in the heat, not only the melting efficiency suffers, but 
the cost of relining the melting zone is increased materially. More- 
over, even the highest grade of refractory material will be worth 

* Vice-president, Industrial Research and Engineering Co. 


Note: This paper was presented at the session on Foundry Refractories at 
the 1933 Convention of the American Foundrymen’s Association. 
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little to the foundryman if his cupola is not operated in accord- 
ance with the best practice. When the cupola is properly lined, 
maintained, and operated, real economy will result. 

4. The lining of the cupola above the melting zone is not sub- 
jected to very high temperatures, or to slag action, if the limestone 
flux is added properly. Its main service is to act as an insuiator 
and a support, and it must withstand the abrasion of the continu- 
ously moving charge. For these reasons, the brick or block need 
not be of a highly refractory character, but must have a high crush- 
ing strength and resistance to impact. It also must be fairly dense. 


REQUIREMENTS OF CuPoLA REFRACTORIES 


5. For that section of the cupola immediately below the 
charging door, many foundrymen have found it advantageous to 
install several courses of cast iron blocks which withstand the im- 
pact and abrasion of the incoming charge. This is especially true 
where certain types of charging machines are used. 

6. In the melting zone, the lining is subjected to high tem- 
peratures, 2900-3100 degrees Fahrenheit. For that reason, the use 
of a highly refractory material is vital, particularly when long 
heats are taken off. Slag action in this section is most violent, 
and the lining must be dense and well laid with as few and as 
narrow joints as possible. The lining also must be able to withstand 
spalling caused by the extreme changes in temperature above the 
tuyeres and by the rapid cooling to which it is subjected after the 
cupola bottom is dropped. A much higher grade of brick or block 
is required for service in this part of the cupola than for the part 
between the top of the melting zone and the charging door. 

7. The melting zone should be lined with first quality clay 
refractories to withstand the high temperature. To counteract slag 
action, a fine-grind brick or block would be indicated, but the 
tendency toward spalling would be increased. A compromise is 
required and generally a medium-grind refractory of high soften- 
ing point has been found to give the best all-round service. 

8. Attempts to introduce high-priced special refractory ma- 
terials such as silica or silicon carbide have met with scant interest 
because of the cost. They might prove to be highly economical but 
few foundrymen are willing to experiment with them. Manufac- 
turers are not equipped generally to carry out experimentation 
that would show conclusive results. 
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9. Cupolas may be lined with standard firebrick or with 
cupola block. The latter are made to provide walls of the desired 
thickness either in one or two vertical courses. Often the lining 
or the shell is built of standard brick and the remainder of cupola 
block. The advantage of cupola block lies mainly in the production 
of relatively few joints. That results in diminished slag penetra- 
tion and a lower cost of erection. 


Tap-Out anp Siac-Ho.ie Biock 

10. It has been customary for years to tap out through a 
breast which was made by the cupola tender when he prepared the 
cupola for the day’s heat. This is a job that requires considerable 
skill. Recently, it has been found more convenient to use refrac- 
tory blocks of proper size and provided with one or two tap-holes. 
This type of block can be installed as a part of the lining and does 
not have to be replaced after each heat. For this service a refrac- 
tory of high grade must be used, because in addition to stability 
at high temperature, it must possess resistance to abrasion of 
molten metal and chemical action of the slag. 

11. Similarly a slag-hole block is used in the opposite side 
of the cupola wall to permit the removal of slag. This also is in- 
stalled as an integral part of the cupola lining. It must be capable 
of resisting slag action and mechanical abrasion. The latter is espe- 
cially important in operations in which the slag is drawn off inter- 
mittently and the slag hole must be opened from time to time by 
an iron bar. 

12. In continuously operated cupolas, it is customary to use 
a slagging spout. In this case, the iron and slag run simultaneously 
from the cupola and are separated by a damming arrangement in 
the spout. The iron passes under the dam and the slag is con- 
ducted through an opening in the side of the spout above the dam. 
This device usually is lined with standard firebrick which are pro- 
tected by daubing. The latter is replaced after each heat. A high 
grade of material should be used in this service. 


DAUBING 
13. Maintenance of the lining of the melting zone costs 
roughly twice as much as the actual lining of the cupola. The 
subject is worthy of considerable attention, and, unfortunately, it 
seems to receive less than it deserves. 
14. The lining of the melting zone is subjected to the hardest 
possible service. High temperature, slag penetration, abrasion and 
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spalling are all factors upon which its service life depends. After 
each heat it is found that part of the lining has disappeared and 
it has to be rebuilt. 

15. Daubing too often consists of a poor grade of fire clay, 
obtained locally at a low price, mixed with a grog of broken-up 
firebrick or silica rock, and water to make a thick paste. The use 
of good material would constitute an economy there. 

16. High quality fire clay is very refractory and, when it is 
used in daubing, it will not tend to soften at high temperature 
and become a prey to abrasion and slag action. This will result in 
the need for smaller daily applications. Moreover, the protection 
of the costly lining of the cupola is much more effective. 


CupoLA OPERATION AND Rzrractory SERVICE 


17. Correct cupola operation has a definite bearing on re- 
fractory life of the melting zone. Improper combustion, faulty 
slagging conditions, or a low-fusing daubing tend toward the 
formation of a bridge. This upsets the balance of the cupola all 
through the heat. The bridge generally gets worse, the longer the 
heat. Finally, it may close the cupola completely. Bridging is 
accentuated by the use of low fusing fire clay in the daubing. 

18. Proper operation of the cupola necessitates the use of 
eorrectly-designed refractory materials which will withstand the 
severe service to which they are exposed. 


ORAL DISCUSSION 

J. M. McKintey’': In looking through the Transactions of the A.F.A., 
A.S.M.E., American Ceramic Society, British Ceramic Society, Institute of 
British Foundrymen, and the French and German institutions, I was 
startled to discover that there is practically no fundamental technica! 
data dealing with the reactions upon refractories in a cupola. The entire 
cupola reaction is vague. Variations in practice are extremely wide. I 
have only to mention that one of our customers manufactures car wheels 
and uses an extremely high grade brick. Another equally important cus- 
tomer, also a car wheel manufacturer, uses a brick at the other end of 
the scale. 

In the 1928 issue of the Transactions of the A.F.A., there is an ar- 
ticle* by C. E. Bales in which he defines four groupings as representing 
the divisions under which specifications might arise for cupola refrac- 
tories: (1) Intense heat; (2) chemical abrasions; (3) thermal shock; and 
(4) physical abrasions. 

Throughout the paper and in other literature dealing with the subject, 
there seems to be the general supposition that the properties underlying 


1 North American Refractories Co., Cleveland. 


* Refractories for the Cupola, by C. E. Bales, TRANSACTIONS, American Foundry- 
men’s Association, vol. 36, 1928, pp. 683-696. 
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such divisions can be considered separately. Generally speaking, research 
work in refractories during the past 5 to 7 years would dispute that con- 
clusion. Those properties, with a number of others, are interlocked so 
closely that it is impossible to consider any one of them alone. 

It generally is conceded that the cupola operates at about 3100 degrees 
Fahr. I have not been able to find any data pertaining to surface heats 
developed on the refractories. Manifestly, if the burden temperature is 
close to 3100 degrees Fahr., the same temperature will not exist at the 
outside surface of the lining as will exist at the face. A contrast is found 
in open-hearth work where surface heats generally are conceded to be 
about 2850 degrees Fahr. 

As a matter of fact, research work has not progressed far enough in 
that direction to assure us that that figure is accurate. We do not know 
authoritatively that silica and practically all fire clay brick will not with- 
stand over 3100 degrees Fahr. surface heat. Foundry cupola practice 
represents one of the most severe applications for refractories. 

Improper practice will lower the surface heats but, at the same time, 
it generates gas conditions that will have to be considered before any 
definite progress can be made. It is known authoritatively, from the 
standpoint of refractory research, that ferrous silicates developed from 2 
combination of any silica present and coke ash have extremely low meltinz 
points. Many cokes have an ash melting point as low as 2280 degrees 
Fahr. and a few in excess of 2550 degrees Fahr. It is not difficult to 
conceive that an extremely active material will be generated under such 
circumstances. 

I would like to call attention, for some future thought, to the fact 
that limestone is known to decompose at about 1550 degrees Fahr. In 
ordinary metallurgical work, little attention has been paid to what hap- 
pens when that release takes place. Based on research work over the past 
3 years, largely having in mind blast furnace lining material, I would 
like to call attention to two definite lines of thought. 

First, CO, does not remain constant. If conditions are perfect, it 
probably will pass through without reaction. But conditions generally ‘are 
not constant and at all times in the cupola, there is a certain degree of 
CO generation. Carbon-monoxide actively disintegrates the lining. Pene- 
tration of the CO into the brick occurs and an internal explosive force is 
set up. I have found many cases where cupola blocks were supposed to 
have spalled. The bricks showed all the evidence of spalling but it was 
not thermo-spalling. Carbon-monoxide penetration was the cause. That 
caused a preliminary disruption of the material which lead to a rapid 
physical break-up as the burden was lowered and especially when the 
cupola was quenched. 

On the lime side of the problem, it is known definitely that there is 
an active absorption on the part of all clay refractories and a consequent 
breakdown later. Coupled with the action of both carbon-monoxide and 
lime, a disputed element enters the picture. Work that has been done 
seems to indicate that cyanogen, (CN)., is developed in the cupola. 

Positive evidence has been found of the existence of potassium 
cyanide. Both of those elements, especially the (CN)., are aggressively 
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active in the carbon-monoxide penetration. The acceleration is tremendous. 
That theory alone, if it can be reduced to a plant practice definition, may 
solve a great many problems of cupola refractories. 

J. T. MacKenzie:? In cupolas operating at 1590 degrees Cent. (2900 
degrees Fahr.) where the iron is tapped the condition probably is entirely 
different from one tapped at 1400 degrees Cent. (2550 degrees Fahr.). 
We find that at 1375 degrees Cent. (2500 degrees Fahr.) the molten iron 
undergoes a great change. Above that temperature, oxidation of the air 
causes burning of carbon. Below that temperature, silicon and manganese 
are oxidized. It would make a lot of difference in the cupola lining de- 
pending on whether carbon or silicon and manganese are oxidized. I do 
not know that those temperatures would hold in the cupola. With probably 
15 per cent carbon-monoxide and 12 or 15 per cent carbon-monoxide, those 
reactions might take place at 1600 degrees Cent. (2900 degrees Fahr.). 
Nobody seems to have studied the subject. The foundryman who is getting 
fine results from one kind of refractory may be oxidizing only carbon in 
the cupola. Another foundryman who has experienced ruinous results 
and has changed to another type refractory, may be oxidizing silicon and 
manganese. 

It might be possible to have refraction at the temperature at which 
the slag is being thrown up the wall. The wind catches the forming slag 
and throws it up. If the refractory is sufficiently porous that the slag 
gradually melts and forms a tough, sticky, viscous, impermeable layer, that 
particular refractory might give excellent service. However, if the slag 
simply sticks to the brick and acts entirely locally, the first piece of pig 
iron or coke that strikes that brittle spot will knock it off. Then the 
opportunity for critical reaction seems to be almost infinite. I do not 
believe that those conditions will ever be divorced from refractories. 

Car wheel foundries are content to run on 1350 or 1400 degree Cent. 
(2460 or 2550 degree Fahr.) iron. They make a big casting. They draw 
the mold, open the whole bottom of the ladle and pour the car wheel all 
at one time. They have etficient cupola operation around those tempera- 
tures. I think that car wheel foundries use less coke per ton of iron than 
most foundries. That means higher carbon dioxide, more iron oxide, etc. 

Take the foundry that is making automobile castings. A certain 
foundry melts iron at 1585 degrees Cent. (2885 degrees Fahr.). It would 
be safe to say that the gas ran 20 per cent carbon monoxide. Probably 
no iron was oxidized, only carbon. 

CHAIRMAN A. V. Leun:* Carbon deposition does not occur to any 
great extent at temperatures over 1200 or 1300 degrees Fahr. or under 800 
degrees Fahr. That means a certain distance back from the face of the 
lining, most of the carbon deposition will occur, with subsequent deposit- 
ing. In addition, at least 20 per cent CO must be present in the gas to 
retard deposition. 

J. M. McKrinitgry: Carbon-monoxide is not necessary if you have 
(CN), present. A half of one per cent (CN), will cause more damage than 
20 per cent carbon-monoxide. 


2 American Cast Iron Pipe Co., Birmingham, Ala. 
3 Bethlehem Steel Co., Bethlehem, Pa. 








Factors Affecting the Service of 
Clay Refractories in 
lron Foundries 


By R. C. ZEHM,* WELLSVILLE, O. 


1. Refractories of the type used in iron foundries are gen- 
erally made from two materials; fireclay, a raw material, and 
grog, which may be considered as a semi-finished material. 

2. For some purposes, a refractory made only from fireclay, 
without the addition of grog, may be desirable. That is true par- 
ticularly in the development of a product which is resistant highly 
to slag action and penetration. 


CLAY PROPERTIES VARY 


3. The type of fireclay for refractories adaptable to the 
variable service conditions existing in iron foundries, is dependent 
to a great extent upon the chemical analysis and physical properties 
which are transmitted to and developed in the finished product. 
The use of a fireclay of the desired type is conditional upon uni- 
formity. 

4. There are two types of grog: calcined clay and burned 
brick or fireclay shapes. Calcined clay, when ground and screened, 
generally produces grog particles which, by virtue of their sharp 
edges and angular shape, are best adapted to the proper bonding of 
clay and grog and the manufacture of a desirable product. 


* The Stevenson Co. 
Note: This paper was presented at the session on Foundry Refractories at 
the 1933 Convention of the American Foundrymen’s Association. 
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5. Practically no relationship exists between crushing and 
the quality of the finished product. 

6. Grinding and screening invariably constitute a closed cycle 

in which the improper functioning of either phase nullifies the 
possibility of obtaining proper results in the other phase. 
7. The size of the clay and grog particles, their shape and 
the proportions of the various sizes of the particles, have a direct 
bearing upon the finished product, with reference to resistance to 
slag penetration and absorption, the ability to withstand mechanical 
shock, abrasive resistance and other conditions of service. 


Grain Size Is ImporTANT 


8. Particles of clay or grog which are too large, or an excess 
of larger sized particles, are conducive to the development of a 
product which has a high resistance to rapid temperature changes 
but they tend to an open structure of the product which reduces 
mechanical strength and increases slagging action and abrasion. 
Improper and non-uniform proportioning of the various sized clay 
and grog particles are contributing factors to inferior quality. 

9. The desired proportions of clay and grog required to de- 
velop a suitable refractory product generally are determined by 
volume measurement. Mixing and grinding tend toward a closer 
blending of clay and grog and has an influence on the quality of 
the final product. 


THREE PROCESSES AVAILABLE 


10. The manufacturing process is continued by one of three 
methods. All processes involve the addition of a definite and uni- 
form quantity of water to the mix. 

11. The three methods are known in the clay industry as the 
(1) hand made, (2) the stiff mud and (3) dry press processes. The 
type of product desired and service conditions to which it is sub- 
jected are the determining factors in selecting the process. Each 
of these processes imparts to the finished product improvements 
in quality of product which are not readily obtained by either of 
the other processes, and in some cases not obtained at all. Con- 
versely, each one of the three processes influences unfavorably cer- 
tain properties of the finished product as compared to the same 
properties which are developed in the refractory by the other 
methods of processing or forming. 

12. After the brick or shapes are dried properly, they are 
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placed in the kilns and burned. The time-temperature curve for 
the firing of clay refractories is planned carefully and controlled 
accurately to produce a high percentage of No. 1 ware, which has 
chemical and physical properties permitting it to be efficiently and 
economically used in the refractory service for which it was de- 
veloped. 


13. The upper part of the cupola requires a refractory which 
is highly resistant to mechanical shock and abrasion. A suitable 
refractory for the upper section of the cupola should be as uniform 
as possible throughout and should not contain inherent defects 
which are developed when the refractory is subjected to the tem- 
perature and other service conditions existing in that part of the 
cupola. 


SELECTION OF REFRACTORIES 


14. For the cupola melting zone, a refractory for satisfactory 
service must withstand the temperature developed and also resist 
effectively slag action caused by contact of the slag and the re- 
fractory and also caused by the reaction with the refractory of the 
secondary slag which is produced by the initial action of the melt 
slag upon the refractory. 


15. The area of contact of slag with the refractory varies 
with the mechanical structure and density of the refractory. If 
the grains of a refractory are not thoroughly embedded in and 
surrounded by the clay matrix, slag will penetrate into the re- 
fractory, increase the area of contact and accelerate the slag action, 
thereby decreasing the length of service of the refractory. The 
temperature range existing between the vitrification point and the 
melting point of a refractory is often a factor in the ability of a 
refractory to withstand slag action. In general, a refractory with 
a great difference in temperature between its vitrification and melt- 
ing points is less susceptible to slag action. 


16. The installation of refractories often decreases their length 
of service, especially when they are handled roughly causing break- 
age of the corners and edges. Serviceability also is decreased if 
much mortar or a mortar inferior to the brick or blocks is used 
in laying up refractories. The joints between the brick or blocks 
should be of minimum width. 
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ORAL DISCUSSION 


CHAIRMAN A. V. Leun:' In one particular case, where brick was in- 
stalled in a malleable furnace, we were using hand-made brick and getting 
approximately 18 heats per slag line. We changed to a stiff-mud brick 
with 6 to 7 per cent more density and we doubled the life. That brings out 
the point that, to resist slag erosion, a fairly dense brick is required. A 
brick of that type is paramount to resist spalling. 

MeMBER: One of the principal factors affecting the life of bung brick 
in malleable furnaces, is the spring in the arch. We made a survey in 
1927 and found the furnaces with the longest life were those that had the 
greatest arch. From my observation, the failure of bung brick does not 
result from refractory quality as much as it does from abuse, crane 
handling, ete. 

G. Otson > What can brick makers give the malleable founder in the 
line of side walls that will withstand corrosive slag? We have found a 
great many times that, by changing from one type brick to another, we 
have entirely different causes of failures in our side walls. Not so long 
ago, we bought some brick and I was able to increase the life of the side 
walls by just patching the slag line and leaving the remainder of the wall 
untouched. 

MemMBER: Unless a high-priced brick gives considerably better service 
than a low-priced brick, the high priced material would not be economical. 
It is my opinion that the labor would be approximately the same. In 
most cases, labor costs of patching are approximately equivalent to the cost 
of the material used. If considerably better service is not secured with 
good brick, probably the difference in material used would not offset the 
difference in price. 

G. Otson: Referring to bricks for repairing the cupola, those brick 
are not placed there without joining material. It does not matter whether 
good or bad brick are used unless a mortar is utilized that can be de- 
pended upon to be at least as good as the brick. It is not the brick that 
causes the trouble as much as it is the mortar. 

MemMBeErR: If I was going to use good brick, I would use fire-clay brick. 
Sometimes good brick and good clay are used in a cupola and it is hardly 
possible to tell the difference in erosion from where second grade brick is 
used. 

J. T. MacKenzie’: We had an interesting experience with a carload 
of overburned brick. We had been using from 600 to 700 standard brick 
per day in our cupolas for patching. We found after operating 3 weeks on 
the overburned brick that we were using only 450 per day. The brick were 
almost vitrified. 

CHAIRMAN A. V. Leun: In the steel mills, brick that had been burned 
and vitrified hard and was kiln marked, would not be used in ladles. <A 
plant at Bethlehem used kiln marked brick and increased the ladle lining 
1 Bethlehem Steel Co., Bethlehem, Pa. 


2 Beloit Foundry Co., Beloit, Wis. 
% American Cast Iron Pipe Co., Birmingham, Ala. 
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life by three or four heats. That is definite proof that the denser the 
brick, the lower the porosity and the slower the erosion. 

MEMBER: One man may run a cupola for 6 hours and tap 10 tons of 
metal and another may operate for 14 hours and tap 120 tons. The amount 
of metal tapped makes a great deal of difference. Those two installations 
are not comparable as far as cost is concerned. The whole problem depends 
upon how much labor can be saved by putting in a high priced lining that 
will last longer. 








Advantages of Radiographic 
Inspection to Foundrymen 


By Herpert R. IsenBurGER,* NEw York. 


Abstract 

Exposure and cost charts for the examination of steel 
castings give a comparison of the relative economics be- 
tween «x-ray equipment and radium. A practical example 
of gamma-ray field inspection is shown. X-ray exrposure 
technique and foundry practice are discussed and demon- 
strated in some cases. A new photographic paper is intro- 
duced for the first time. Its possibilities on steel and non- 
ferrous castings are shown. The value of x-ray inspection 
as a production tool and as a sales factor is mentioned. 


1. In radiographic inspection, two kinds of radiation are 
dealt with, x-rays and gamma-rays. The important difference, 
which must be considered for radiographic inspection, is wave 
length of the rays. X-rays excited by a voltage of 120 kv. have a 
wave length about 0.0001 that of ordinary light and 1200 kv. would 
be required to obtain x-rays which have the same wave-length 
average aS gamma-rays. Wave-length usually is measured in 
Angstrom units. One Angstrom unit equals 0.00000001 em., or 
10° em. Fig. 1 shows a curve of x-ray wave lengths at various 
voltages. This demonstrates that the higher the voltage the less 
the change in wave length. In the low-voltage range, the differ- 
ence in wave length is so great that a slight difference in voltage 
makes a noticeable difference in the resulting x-ray picture. X- 
rays excited by 30 kv. have a wave length of 0.41 Angstrom units, 
for example. 

2. The longer the wave length the better the definition in 
the negative. This would mean that for heavy material, a long 


* St. John X-ray Service Corp. 

Note: This paper was presented at one of the sessions on steel castings at 
the 1933 Convention of the American Foundrymen’s Association. 

Note: The superimposed numbers throughout this article are references to 
the bibliography which appears at the conclusion of this paper. 
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exposure time rather than a short exposure with high voltage 
should be used. This is possible only in a limited sense. Looking 
at the exposure charts in Fig. 2, with a certain voltage, a satis- 
factory picture through 7% inches of steel in one minute is ob- 
tained, whereas another voltage will penetrate 17% inches in the 
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same time and in another, 314 inches. Any material that is thin- 
ner than stated, should be x-rayed with a 1-minute exposure using 
a lower voltage rather than the same top voltage and a shorter 
exposure time. The necessary voltage for other distances and 
exposures can be determined from equations but is read more 
conveniently from charts such as Fig. 2. 

3. For routine inspection work, a 1-minute exposure is pre- 
ferred. A 10-minute exposure is considered a desirable limit from 
the economic point of view. With 120 kv. at 5 ma., this limit 
would be 114 inches; with 200 kv. at 6 ma., 234 inches; and with 
300 kv. at 10 ma., about 4 inches. In certain cases, it may be per- 
missible to go beyond these limits even for routine inspection. In 
Fig. 2, the curve for radium inspection is shown on the same scale 
as the x-ray curves but instead of minutes, the ordinates are hours. 
X-ray as well as radium curves are given for exposures at 24 
inches focus-film distance. Values for other distances can be cal- 
culated by applying the inverse square law. 
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4. In the following text, some practical applications of radio- 
graphic examination of steel castings are shown. In one case, an 
8000-lb. cross fitting was installed in a boiler house which was 
under construction. The casting was hanging about 40 feet above 
the floor and it was practically impossible to install x-ray equip- 
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ment for its inspection, although the wall thickness was within 
the limits of x-ray routine. Radium had to be used. 

5. Identification lead markers were fastened with adhesive 
tape on the surface of the steel casting and the fitting was covered 
completely with film holders. Various amounts of radium, suit- 
able for over-night exposure, were placed at five different locations 
inside the casting and the whole fitting was examined in one ex- 
posure. Although the inspection disclosed some serious defects, 
quite a number of fine but objectionable cracks were missed and 
were discovered by subsequent physical tests.° 

6. To obtain sharply defined outlines of the shadows when 
using x-rays, lead sheets are employed to screen off any stray or 
secondary radiation which might otherwise fog the film and cover 
up details. That is not necessary with gamma-rays. A typical 
exposure arrangement for the inspection of the high-pressure seat 
of a safety valve body is shown in Fig. 3. Fig. 5 shows the 
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exograph through the cope side of this casting when set up as 
shown in the diagram. The lead identification marker 1.3 was 
placed on the body between the neck and the flange. 

7. The white streaks indicate shrinkage cracks or primary 
pipe due to improper feeding. Thirteen of these castings were 
sent to our laboratory for x-ray examination. All showed the same 
serious condition in identically the same place. The mold was 
redesigned and the riser head made larger so that the gas could 
escape more readily. All replacements were perfect. Had some 
pilot castings been inspected before production was started, con- 
siderable time, machining and other expense would have been 
saved. Similar shrinkage cavities usually can be avoided by east- 
ing with the heavier sections uppermost and by providing large 
feeding heads over the heavy sections. 

8. In another case, seven out of eleven, 6-inch, T-fittings for 
high pressure steam service showed duplicate defects, indicated 
by an arrow in Fig. 6. The defect is illustrated in exograph Fig. 
7. It is a gas pocket with shrinkage cracks extending into the 
flange. This condition subsequently was overcome by putting more 
metal into the fillet. 
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Fig. 5—ExoGRAPH TAKEN THROUGH RISER SIDE OF HIGH PRESSURE SEAT OF 
VALVE Bopy. 


9. An exograph of good steel* is shown in Fig. 8. The par- 
allel bands are screw threads cut on the inner surface of the valve 
body. The light spot in the lower left hand corner is not a defect. 
It is the inner end of a hole drilled through the wall. 

10. Sometimes a casting with holes or irregular shapes of vary- 
ing thickness must be x-rayed. The holes, ete., are filled with a 
material of approximately the same atomic weight as the object to 
be examined before making the exposure. A simple method of 
doing this has been developed by Dr. Ancel St. John.® He im- 
merses the specimen in a liquid absorber. In the ease of steel, he 





Fic. 6—Srx-IncH TEE-FITTING ARRANGED FOR X-RAY INSPECTION. 
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uses a lead salt solution containing 3 lbs. of lead acetate and 3 lbs. 
of lead nitrate in 1 gal of water. 

11. Fig. 9 shows a part of a tractor shoe. The casting weighs 
about 30 lbs. and consists mostly of webs which are up to 2 ins. 
thick. To obtain sharp outlines of the webs, the whole casting 
was immersed in a solution which absorbed the transversing rays. 
That was necessary as otherwise the x-rays would have been scat- 
tered by the webs and the entire picture would have been fogged. 








ExocraPH TAKEN THROUGH 144, INCHES oF STEEL IN REGION 3-1 
INDICATED BY THE ARROW IN Fie. 6. 


Fig. 7 


A few gas inclusions are visible in some of the webs. In the case 
of gamma-rays, that precaution would not be necessary. 

12. Many imperfections disclosed by radiographs are per- 
missible. The boiler code permits a reasonable degree of porosity 
or discontinuity in fusion welds. Agreement on allowable con- 
ditions for castings would be desirable. For instance, a cavity or 
slag inclusion may be permissible if not too deeply seated. For 
this purpose, a double-exposure x-ray method has been developed.’® 
Through the use of angulation, it enables the inspector to deter- 
mine the location as well as the depth of the defects. The method 
is simple and involves only the making of two exposures of the 
same area on one film with a shift of the x-ray tube between ex- 
posures. 

13. The set-up for this method is illustrated schematically in 
Fig. 4. During the exposures, the tube is moved parallel to the 
film at a predetermined distance a. The distance between the 
target and the film also is known. The film then records two im- 
ages of the same irregularity in the material under investigation. 
The distance between the two images on the film can be measured 
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and will be found to be b inches. The distance to be determined 

is the space between the cavity and the film. This unknown dis- 

tance is designated as x. The following proportion then exists: 
a: b=(h—x) :x or 


hb 
a+b 


Since the distance b usually can be neglected in comparison with 
a, the equation becomes 
h 
x = — b = kb approximately. 
a 
14. A typical example is shown in Fig. 10. The subject is 
a section of a 3-ton, steel casting with a 214-inch wall thickness, 
containing a fairly large sand pocket. The shadows of a refer- 
ence lead marker were displaced ;% inch or more and the spot 





Fig. 8S—ExoGrRAPH TAKEN THROUGH 2% INCHES OF SOUND STEEL. 


below the marker, *%@ inch. This spot was on the inner surface. 
Various spots in the sand inclusion were measured and their dis- 
placement was found to be close to that of the outside marker. 
Thus it was determined that the inclusion started close to the outer 
surface and did not penetrate more than one-quarter of the wall 
thickness. This left sufficient sound metal between the sand 
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Fic. 9—X-RAy PHOTOGRAPH OF A SECTION OF A TRACTOR SHOE IMMERSED IN 
A LiquIp ABSORBER. 


pocket and the inner surface. The defect.was not considered to 
be of a serious nature. 

15. Not only can steel foundry technique be controlled and 
bettered by radiographic examination, but gray iron, malleable 
iron and nonferrous foundry practices can be checked and im- 
proved. 

16. The builders of a new subway system brought two pieces 
of broken sewer pipe to our laboratory. The pieces were gray 
iron, 13@ inches thick and had been taken from a 36-inch pipe line 
which was built in 1886. The city claimed that the water main 
broke because of the construction work going on nearby and sued 
the builder for damages. 

17. X-ray evidence, Fig. 11, clearly indicates that the material 
failed through a weakness inherent in a part of the section exam- 
ined. Both pieces showed a region of spongy metal adjacent to 
the breakage crack. The sponginess consisted of a number of gas 
and sand inclusions with fine shrinkage cracks. There also were 
some other cracks present within this area. It is evident that most 
of those conditions were present at the time the material was in- 
stalled. Some of the cracks may have developed while the casting 
was in service. Undoubtedly, this region must have been corroded 
through quite a distance when the breakage occurred and the pipe 
would have failed through this section without any exterior cause. 

18. It is out of the question to examine pipe, which probably 
costs $0.02 per lb, when x-ray inspection may amount to half that 
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cost. However, it pays to x-ray pilot castings, as has been recom- 
mended in other instances.” 

19. The question if radiographic examination cost is not easy 
to answer, since it depends on a number of factors that are vari- 
able in almost every case. Our company has attempted to estab- 
lish reliable cost charts per single exposure at various thicknesses 





Fic. 10—TypicaL EXAMPLE SHOWING DEPTH OF DEFECT AS OBTAINED BY 
DovuBLE-ExPosuRE X-Ray METHOD. 
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Fic. 11—X Ray PHOTOGRAPH SHOWING SPONGY METAL ADJACENT TO BREAK- 

AGE Crack IN Cast Iron Pipe Castings. THE WHITE PoRTION AT THE 

CENTER OF THE ILLUSTRATION IS Not A Derect But SpacE BETWEEN Two 
BROKEN PYIEcEs OF PIPE. 

of steel. The appropriate exposure time readily can be calculated 

for various conditions from the charts supplied in Fig. 2. Consider 

three different classes of x-ray equipment and radium as follows: 

Class 1: To operate at 5 milliamperes and 120 kilovolts peak. 

Class 2: To operate at 6 milliamperes and 200 kilovolts peak. 

Class 3: To operate at 10 milliamperes and 300 kilovolts peak. 

Class 4: Using 4% gram radium: 

20. Tables 1, 2 and 3 give some idea of radiographic inspec- 
tion cost. The complete amortization is divided over a period of 
5 years, not counting the interest on investment. X-ray equip- 
ment may be good for another 10 years and radium will last prac- 
tically indefinitely and always will represent a considerable value. 
Insurance, electric current and possible repairs are expressed in 
upkeep. The insurance rate for radium is higher than for the 
x-ray equipment. Salaries provide for an operator and a helper. 
The hourly figures are minimum prices for full time operation at 
200 hours per month. They are exclusive of handling and labor 
overhead. If the x-ray equipment is not used continuously, the 
upkeep cost will be less. If the operating crew is not kept busy 
with inspection, they can do other work in the meantime, thus 
reducing the salary figure. If the equipment is in permanent use 
day and night, working for more than 200 hours per month, the 
operating cost will be considerably reduced. This is particularly 
important in the case of radium where long continuous exposures 
are common. 

21. A comparison between Tables 2 and 3 shows how much 
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cheaper the operating cost is when x-ray equipment and particu- 
larly radium has been written off. Charts in Fig. 12 are based 
on Table 2. They do not include handling and labor overhead 
which varies with each job and is different in most foundries. 
They also do not include the cost for film or paper.* The cost 


* A sensitive x-ray paper recently has been developed which compares favor- 
ably with celluloid film 4,”. 
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for film is about 144 cent per sq. in. and for paper about 1/6 cent 
per sq. in. 

22. Since radiographic inspection gives valuable information 
to the foundryman without destroying the casting, and often 
saves time and money, it should be a worthwhile production tool 
for the foundryman. In addition to this advantage, the fact that 
the foundry can offer radiographed castings bears a tremendous 
sales argument which will break down undue resistance in the mind 
of doubtful customers. The rapid development of high-pressure, 
high-temperature steam installations, high-head hydraulic power, 


Table 1 
Cost OF RADIOGRAPHIC EQUIPMENT 


Class Ma. Kv. Equipment Tube Local Lead- Darkroom Total 


Const. house Cost 
5 120 $1,000 $150 $ 250 $ 600 $1,000 $3,000 
6 200 3,000 260 740 1,000 1,000 6,000 


mol be 


10 300 5,000 500 1,500 2,000 1,000 10,000 
% gr. radium 35,000 ee aes er 1,000 36,000 


Table 2 
OPERATING Cost DURING THE First FivE YEARS 


Class Amort- Upkeep Salaries Total Monthly Hourly Per1-min. 


ization Yearly Exposure 
1 $ 600 $ 500 $1,780 $2,880 $240 $1.20 $0.02 
2 1,200 800 2,320 4.320 360 1.80 0.03 
g 2,000 1,306 2,460 5,760 480 2.40 0.04 
4 7,200 1,800 2,520 11,520 960 4.80 0.08 

Table 3 
OPERATING Cost AFTER THE FIFTH YEAR 

Class Upkeep Salaries Total per Year Monthly Hourly 
1 $ 620 $1,780 $2,400 $200 $1.00 
2 980 2,320 3,300 275 1.38 
3 1,560 2,460 4,020 335 1,68 
4 1,920 2,520 4,440 367 1.84 


high-pressure oil cracking systems, high-power locomotives, aerial 
transportation and various other lines of industrial activity, pre- 
sent increasingly numerous cases where reliable castings will be 
required. Willingness to produce x-ray evidence of quality will 
be a useful aid in the sale of castings. 
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WRITTEN DISCUSSION 


R. A. Gezetius' and C. W. Briees:* Mr. Isenburger states, in para- 
graph 2, “The longer the wave length the better the definition in the 
negative,” thereby implying that the definition obtained with X-rays is 
considerably better than that obtained with gamma-rays. We can agree 
with neither the statement nor the implication. 

The definition obtained in any radiograph is dependent primarily 
upon the diameter of the focal spot of the tube used, or the diameter of 
the radium pellet, and the distance from the source to the film. The 
wave length does not affect the definition except that the longer wave 
lengths may cause blurring due to scattering and secondary radiation. 
As this is the case, the definition obtained with either method should be 
approximately the same. 

The latest data available at the Bureau of Standards gives the fol- 
lowing diameters for the focal spots of tubes of varying wave lengths: 

140 kv. tubes can be obtained with a fine, medium or broad focal 

spot of 7.1, 9.1 and 11.9 mm. diameter, respectively. 


1U. S. Naval Research Laboratory, Anacostia, D. C. 
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200 kv. tubes can be obtained with 11.9 mm. diameter focal spots. 
300 kv. tubes can be obtained with 13 mm. diameter focal spots. 
There is one exception to the above and that is a foreign, made tube 
known as the “Metallex” which can be obtained with a 4 mm. diameter 
focal spot. This tube, according to reliable information, has not proved 
to be satisfactory. 

The radium used by the Navy is in small silver capsules the largest 
of which has a diameter of 8 mm., the size of the radium source being 
but 6 mm. in diameter. This is smaller than any focal spot obtainable 
in x-rays except with long wave lengths or the “Metallex” tube. Radium 
and radon (radium emanation) can both be obtained in spheres of even 
smaller diameter. If long needles of radon, such as are used extensively 
by the medical profession, are used for radiographic purposes only, the 
ends of the needles should be used as sources of gamma rays. Any other 
use of the needles cannot be considered as anything but poor technic. 

The contrast obtained in a radiograph is dependent entirely upon the 
wave length used and becomes greater as the wave length increases. Mr. 
Isenburger may have meant contrast rather than definition in his state- 
ment. 

In Fig. 2, Mr. Isenburger shows a series of curves giving the exposure 
times required for x-rays and gamma-rays at a film-to-source distance of 
24 inches. This distance is unusually long for gamma-ray radiography as 
the distances most frequently used in actual practice are from 12 to 18 
inches. Therefore, the exposure times most frequently used are, using 
the inverse square law, from 25 per cent to 56 per cent that of the times 
shown on the curve. This statement should not be construed to mean 
that gamma-rays are not used at distances greater than 18 inches. In 
one case, where the entire side of a stern post was to be radiographed in 
position with one exposure, the film-to-source distance was 5 feet. 

We note with surprise that in using gamma rays for inspecting a 
large casting that “quite a number of fine but objectionable surface cracks 
were missed.” The Naval Research Laboratory, as pioneers in gamma- 
ray radiography, has found that all defects which can be considered ob- 
jectionable will be found to appear on the films. It might be pointed 
out that in using several sources of gamma rays on the same casting, as 
was done in this case, the best of results cannot be expected unless precau- 
tions are taken to screen the rays so that each film receives rays from one 
source only. If this is not done, blurred images and excessive fogging 
must be expected. 

As no explanatory data are included, we are at a loss to understand 
the figures Mr. Isenburger presents as a comparison of the actual costs of 
the two methods. Even so, there are several things that we should like 
to point out. 

The initial cost might be a little high as the Naval supply of 0.48 
grams, delivered, cost considerably less than the figure given. 

We cannot understand why the amortization of radium should be 
listed as $7,200 per year for the first 5 years when the actual average 
depreciation, calculated on its half-life of 1580 years and using Mr. Isen- 
burger’s figure of $35,000, is $11.08 per year. We do not believe that any 
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concern would attempt to amortize a $35,000 investment in radium in 5 
years when at the end of that period the radium on hand would be worth 
$34,945. 

The upkeep on the radium purchased by the Navy has been zero. 
The only possible upkeep would be insurance and this is deemed un- 
necessary for the following reasons: 

1. Radium for radiographic purposes is in such a form that it is 
unsuitable for almost any other purpose. It would be certified at the 
Bureau of Standards and resale, which usually invokes certification at 
that bureau, would be apt to lead to identification. In case of theft, the 
exact description of the capsules could be broadcast quickly to all radium 
users. 

2. It is dangerous to handle in any manner except that outlined for 
its use, and extremely dangerous and probably fatal to tamper with the 
sapsules themselves. 

3. Manipulation of the radium capsules in an attempt to make iden- 
tification difficult could so mark a man that he could be picked out of 
thousands, unmistakably, with scientific instruments. 

4. To find a buyer for stolen radium would be most difficult and to 
find a buyer who would remain unknown to the American Medical Asso- 
ciation and Government agents would be practically impossible. 

5. In case of loss, if the approximate place of loss is known, it can 
be traced and found by scientific instruments. 

We cannot understand why the salaries listed for gamma-ray work 
are higher than those listed for any other x-ray service since gamma-ray 
technic is learned easily and does not require a trained technician. At 
the Norfolk Navy Yard, which has a portion of the Naval radium supply 
and where gamma-ray radiography is more or less routine, an apprentice 
molder does all of the actual radiographing. 

Therefore, using Mr. Isenburger’s figure for salaries, we find that 
gamma-ray radiography should not cost more per year than $11.08 for 
depreciation and $2,520 for salaries, or $0.016 per minute. 


WRITTEN DISCUSSION BY THE AUTHOR 


H. R. IsENBURGER: In reply to Messrs. Briggs’ and Gezelius’ dis- 
cussion, the second paragraph of my paper should have read contrast in- 
stead of definition. 

With regard to the size of the focal point in x-ray tubes and gamma 
ray sources, I wish to refer to an ideal construction of an x-ray tube 
focus which was described by the author 4 years ago in an article en- 
titled, ‘X-rays and X-ray Inspection in Piping,” in the magazine Heating, 
Piping and Air Conditioning, Vol. 1, 1929, pp. 115 to 120. That type focus 
now is being used in the modern Coolidge x-ray tubes. Thus the size of 
the focal spot of a 300 kv. tube is smaller than the gamma ray source 
used by the Navy, taking advantage of the so-called line focus principle. 

The size of the focal spot of a gamma ray source is only ideal when 
the radioactive material is especially packed for industrial radiography. 
In most cases, we have to utilize radium capsules and needles which 
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are ordinarily used for medical purposes, that is, for treatments and not 
for photography. The necessary amount for a particular job can be 
rented for a certain time. Depending on the strength of the source 
required, the focal spot may be %-inch in diameter and 1 or 14-inches 
long. This broad focus accounts for not being able to detect fine defects 
such as were discovered by subsequent visual examination in the cross 
fitting mentioned in the paper referred to previously. Radon is too ex- 
pensive in most cases, since this material must be purchased outright. 

As to the focus-film distance, all our x-ray standards have been 
based on a 24-inch distance. For comparison, we had to choose the same 
distance for a gamma ray chart. The same reduction of time is effective 
in accordance with the inverse square law for a shorter focus-film dis- 
tance when using x-rays as in the case of gamma rays. Dr. Mehl, in his 
curve, uses the following distances for gamma ray work: 12, 18, 24, 30 
and 36 inches and 24 inches is the happy medium. 

Concerning the cost for radium, the discussers are correct. The 
price is much less today than the author stated. In 1930, when scouting 
around for radium, the price given us was $70,000 per gram. We were 
told that this price would be maintained by the Belgian radium monopoly. 
We are informed that today’s market price is $50,000 per gram. 
If we had bought the radium and followed the discussers write-off pro- 
cedure, today we would have lost about $20,000. In addition, America 
went off the gold standard, that is, the market price as compared with 
the international value for radium is another 30 per cent less so that 
the actual value of one gram of radium today is exactly one-half its 
value 3 years ago. 

I wish to correct my tables on the bases of $25,000 for % gram of 
radium. 


Table 2 
Operating Cost During the First Five Years. 
Amortization Upkeep Salaries Total Monthly Hourly Per Minute 
per Year Exposure 
$5200 1800 2360 9360 780 3.90 0.06% 
Table 3 
Operating Cost After the First Five Years. 
ae 1920 2360 4280 357 1.78 


If a commercial foundry would buy radium, they would never write 
off this material over a period of 1580 years, as suggested by the discus- 
sers. One obvious reason has been shown. Others are the fact that even 
today’s price of $50,000 is merely artificial established and dictated by the 
radium monopoly. Should new sources be made available in this country, 
in Canada or in Russia, this artificial price could not be kept. Further- 
more, new and more economic ways of obtaining radium or other radio- 
active materials may have a considerable influence on the price fluctua- 
tions. It is more likely that a foundry purchasing radium will write it 
off against a specific job for which they need it than over a period of 5 
years. It certainly would be better business practice. 
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No business man can afford not to insure his radium. A physician 
who possesses a little over a half a gram of radium told the author that 
his material cost him $20 daily for upkeep alone, whether he uses it or 
not. Since this figure may be exaggerated, we feel that our figures given 
for upkeep are fair. 

In case the radium supply is stolen, this material readily can be 
packed in a number of small containers. When sold at half the market 
price, they will find any number of buyers. There is a lucrative market 
for second hand radium now in existence. The Bureau of Standards 
would naturally certify any medical container, for instance, which would 
be presented for that purpose. 

Figures for the salaries include labor. When using radium, we pre- 
sume that heavier material is to be examined which requires more help 
for handling than does material ordinarily examined with x-rays. There- 
fore, the slight increase of $60 over a period of an entire year. This fig- 
ure, however, has been adjusted to suit the final figure in the corrected 
tables. 








The Experience of a Gray Iron Jobbing 
Foundry with the Rocking-Type 
Electric Furnace 


By C. R. Cuuuinea,* St. Louis 


Abstract 


This paper shows practical applications of the rocking- 
type electric furnace for production of a wide variety of cast- 
ings to meet the requirements encountered in the general 
jobbing field. The first major point brought out is the possi- 
bility of manufacturing a product having greatly improved 
qualities. This improvement is brought about through in- 
creased strength, increased density as desired, and improved 
machinability in the denser, stronger materials. Some factors 
involved in production of this improved quality are the avail- 
able superheat, deoxidizing atmospheric condition, and absence 
of slag and oxide inclusions. The next salient point is the 
establishment of definite control over quality. Characteristics 
of this furnace are such that the meeting of definite specifica- 
tions and duplications of both chemical and physical properties 
are assured after determination of the proper mixture. The 
third point emphasized is the flexibility of the rocking electric 
furnace, as evidenced by the wide range of chemical analyses 
covered in production of the regular grades of higher strength 
materials, including various alloys. In addition it was found 
both practical and economical to produce small batches of 
metal for special purposes or to produce a larger quantity of 
a base mixture and progressively change the bath to suit 
different requirements. The last thought is one of concern in 
this time of curtailed production, namely, the possibility of 
increased service to consumers. By use of the furnace de- 
scribed, it has been found possible to serve customers con- 
sistently without waiting for larger accumulations of tonnage 
necessary for operation of the cupolas. 





* Bans aptgee ~ spre. Carondelet Foundry Co. 
oTe: This paper was presented at one of the sessions on Cast Iron at the 
1933. yi tt, of the American Foundrymen’s Association. 
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1. During recent years there has been a determined effort on 
the part of the alert gray iron foundryman to overcome the pre- 
judices existing against the use of gray iron for anything other 
than ordinary requirements. These prejudices have existed, for 
the most part, for a great many years, and were probably justified 
by a lack of interest and knowledge on the part of the foundryman. 

2. It was not deemed possible to obtain gray iron of high 
strength and which was not brittle. Cast iron was considered only 
as a cheap material, easily produced to conform to patterns and 
suitable for use chiefly where strength and shock resistance were 
not required. Handbooks and tables used by designing engineers 
gave low strength values for this material; hence, parts made of 
it usually were massive to provide desirable factors of safety. 

3. The effort to overcome these prejudices led naturally to 
the development of equipment and technique for the manufacture 
of a new product, entirely divorced from the old conception of gray 
cast iron. 

Quality Control of Cast Iron Needed 


4. In order not only to keep up with the march of progress 
but also to keep ahead of it, we realized some three years ago the 
necessity of producing iron castings of entirely different charac- 
teristics than had previously been made. We saw a distinct ad- 
vantage for the foundryman who could produce iron castings with 
higher tensile strength and greatly increased density with good 
machinability. We further realized the absolute necessity of hav- 
ing highly accurate control over the composition and physical prop- 
erties of the metal and, hence, over the ultimate quality of the 
castings. 

5. With these requisites under consideration, we thoroughly 
studied the subject and undertook development work which led to 
the installation of an electric furnace for the production of the 
type of cast iron we desired to produce. 


Capacity of Electric Furnace Installation 


6. Our electric furnace installation, illustrated in Fig. 1, is 
of the indirect-are rocking-type, manufactured by the Detroit 
Electric Furnace Co., and is rated at 3000 lbs. capacity. In it we 
melt charges ranging from 500 or 600 lbs. to 4000 lbs. Our usual 
charge is 2000 lbs., which we melt in approximately 1 hour and 
20 minutes. The nature of the materials charged varies with the 
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Fie. 1—Rockine Evectric Furnace, 3000 to 6000 Lass. Capacity, POURING 

INTO 700-Ls. BULL LADLE SUSPENDED FROM MONORAIL. NOTE SLATE ABOVE 

OPERATOR’S HEAD, USED BY HIM TO INDICATE THE COMPOSITIONS WHICH ARE 
To Be PouRED FROM THIS HBArT. 


requirements of the metal produced, but consists chiefly of cast 
iron borings, steel scrap, cast iron scrap, and sprue, as well as the 
additional alloys used in the manufacture of special castings. 


Carbon Control 


7. Itis well known that the characteristics of cast iron change 
chiefly through manipulation of the carbon in the iron. This in- 
volves not only varying the amount of carbon contained but also 
controlling the state in which the carbon exists in the castings. 
This is done by superheating the iron, deoxidizing it, controlling 
the rate of cooling, and by the use of silicon or other graphitizing 
agents. 

8. Having available the means of superheating and deoxidiz- 
ing our iron, the method of procedure that suggested itself was 
to determine, for each type of casting, the correct carbon content 
and then to establish the correct silicon content to suit the mass 
and section of the casting and the rate of cooling. In some in- 
stances we find it advantageous to employ iron containing carbon 
as low as 2.00 per cent, while in other cases it is as high as 3.50 per 
cent. The silicon varies from 0.75 per cent to 3.00 per cent. 

9. <A casting of 14-inch section may require 3.00 per cent 
carbon and 2.00 per cent silicon to produce maximum strength 
with good machinability, whereas a casting of 2-inch section may 
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require 2.50 per cent carbon with 1.50 per cent silicon in order 
that maximum properties may be realized. It is interesting to 
note that in the production of castings of approximately 14-inch 
section we have observed that our electric furnace iron, containing 
3.10 per cent carbon and 2.00 per cent silicon, can be cast in cer- 
tain designs with excellent machinability and showing no chilled 
edges. Ordinary iron of the same composition, poured into the 
same castings, is white and unmachinable. This is a most interest- 
ing phenomenon and is probably best explained by the superheat 
and deoxidizing action of the electric furnace. 


Duplication of Results 


10. Having established the correct composition for any cast- 
ing, we found it desirable to set up a procedure that would make 
its reproduction at any future time a matter of routine. We began 
by assigning numbers to a series of irons of a range of composi- 
tions suitable for general application. As need arose, many of these 
were modified to suit new types of castings, and new numbers were 
assigned to these modifications. We have established some seventy- 
five standard compositions containing carbon from 2.00 per cent to 
3.50 per cent, with varying silicon, nickel, chromium, copper and 
molybdenum contents. 

11. As stated, each composition is numbered and jobs having 
special requirements are indexed according to the metal number 
established for the job. The pattern clerk, melter, chemist and 
foundry foreman each has access to one of these indices, and when 
the job goes to the foundry the shop ticket is marked for the 
proper iron. The foundry foreman collects his data as to the re- 
quired amount of each metal and then gives orders to the melter to 
produce the necessary quantity. The melter records the iron num- 
ber on his daily report sheet, and as each heat is charged into the 
furnace he shows its number, in large chalk figures, on a slate 
which hangs beside the furnace. 

12. When ready, the iron is distributed to the proper floors 
and molds under the supervision of the foreman. The chemist 
checks the iron from each heat and is aided by knowing in advance 
what alloys to determine. 

13. An average day’s production of ten tons will have pos- 
sibly six base mixtures, with three to five additional nickel- 
chromium and molybdenum mixtures. Record of the base heats 
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Table 1 
BasE HEAtTs MADE DuRING A TypicaL Day’s PRODUCTION 
Mixture 

No. TC Si Ni Cr Mo — Use. 

8 3.25 2.00 1.50 imine .--. Cams and gears. 

10 3.50 2.60 Thin castings. 

21 2.80 1.75 etal mee .... Pressure goods, medium. 
22 3.00 1.75 iin “od ..-. Pressure goods, light. 

52 2.60 1.50 1.50 0.60 ccs ee 

68 3.00 1.75 ee owed 0.50 Machinery frames. 

33 3.10 2.00 eae datde .... Mise. medium-sized cast- 

ings. 


of a typical day’s production is given in Table 1. It will be noted 
that irons numbered 21 and 22 are very similar, varying only in 
earbon content. Both are used for pressure goods, but each is 
designed to produce equal density, strength and machinabliity in 
castings of considerable difference in average section. 

14. Whenever a pattern comes in for additional orders it is 
routed through the shop according to the mixture number. Thus, 
the customer is assured that the castings produced will have the 
same composition, physical properties and machinability as those 
previously furnished. Our ability to meet these specifications is 
assured because of the characteristics of the rocking indirect-are 
furnace in which we melt the iron. 

15. We find that this furnace is a precision tool with which 
we can achieve any desired predetermined analysis and which can 
be duplicated at will. For example, one type of metal is made by 
melting 100 per cent steel punchings and adding carbon with the 
charge by calculation. The carbon recovered is 76 per cent of the 
coke added. A typical charge consists of 2000 lbs. of steel punch- 
ings and 58 lbs. of crushed coke. This produces a metal containing 
2.20 per cent total carbon. Silicon as required is obtained from 
ferrosilicon added on the basis of complete recovery. 

16. We depend entirely upon calculation for the production 
of this iron, and our results from more than 200 heats of it show 
that the carbon of the iron is within the limits of 2.18 and 2.24 
per cent. 

Ranges of Application 


17. As was previously stated, we have standardized some 
seventy-five different types of iron, ranging from 2.00 per cent to 
3.50 per cent carbon and from 0.75 per cent to 3.00 per cent silicon, 
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with numerous alloy combinations. The possibilities for applica- 
tion of these precise specifications of composition to a wide range 
of work are obvious. This flexibility of melting control makes pos- 
sible the long-standing and oft-expressed desire of the foundryman 
operating a jobbing shop, namely, the ability to select and produce 
the type of metal best suited to meet the needs of the various 
classes of work encountered in the jobbing shop. 


Small Quantities of Various Irons in One Heat 


18. It has proven practical and economical to produce small 
quantities of the different metals by progressively changing the 
bath during the heat. For example, we may have a 4000-Ib. heat 
containing 2.75 per cent carbon and 1.50 per cent silicon. After 
tapping 1500 lbs., 10 lbs. of crushed coke are added, the power 
turned on, and the furnace rocked for three or four minutes. This 
produces a bath containing 3.00 per cent carbon, the silicon re- 
maining constant at 1.50 per cent. Another 1000 lbs. may be tapped 
and 15 lbs. of 50 per cent ferrosilicon added. After rocking the 
furnace for three or four minutes, the metal will be uniformly of 
2.00 per cent silicon, with the carbon remaining constant at 3.00 
per cent. 

19. In this manipulation, the carbon and silicon are accu- 
rately and effectively increased as desired. Both the carbon and 
silicon are readily assimilated by the bath because of the mixing 
action of the rocking furnace and because the surface of the bath is 
clean and free from slag. 

20. In other instances, depending upon shop conditions, we 
may have a 3000-lb. bath containing 3.00 per cent carbon and 2.00 
per cent silicon. After tapping 2000 lbs., we may add 115 lbs. of 


Table 2 
ILLUSTRATING ACCURATE DUPLICATION OF A GIVEN COMPOSITION 
AT INTERVALS DurRING Two MoNTHS 


Heat 

No. TC Si Mo 
881 3.00 1.76 0.54 
889 3.01 1.78 0.55 
896 2.97 1.80 0.55 
902 3.01 1.78 0.54 
910 3.00 1.80 0.55 
919 3.02 1.78 0.56 

1047 2.98 1.78 0.50 

1056 3.03 1.76 0.56 
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steel punchings, turn the power on, and rock the furnace two or 
three minutes to produce a bath containing 2.70 per cent carbon 
and 1.80 per cent silicon. 

21. Near the conclusion of many of our base heats the re- 
mainder of the bath may have alloys added, such as nickel, chro- 
mium or molybdenum. It is well known that much of the benefit 
of such alloys is lost when ladle additions are used, because of in- 
complete solution and chilling the iron. The full value of all alloys 
is obtained in our electric furnace because of its mixing action and 
because the temperature of the iron is not lowered. 

22. These examples of our routine practice have been given 
to show that our control over the composition of the iron has been 
reduced to a matter of mathematical precision. 


Production of an Alloy Iron 

23. A compilation of eight 1-ton heats of an alloy iron, pro- 
duced over a period of about two months, is shown in Table 2. In 
these heats the carbon, silicon and molybdenum were calculated 
for 3.00, 1.75 and 0.50 per cent, respectively. All of these heats 
contained approximately 40 per cent sprues and gates of the de- 
sired composition, 30 per cent steel scrap and 30 per cent iron 
borings. 

24. This iron is used for heavy-duty punch press frames. 
When made from ordinary semi-steel, frequent failures resulted 
and the manufacturer had decided to use steel castings. We con- 
vineed him that we could produce an electric furnace iron of suit- 
able strength, and subsequent tests in service have shown these 
castings to possess strength much in excess of the requirements. 

25. The tests for these castings were conducted as follows: 
The semi-steel castings which were failing were tested by punching 
boiler-plate material of varying thickness until the gage of ma- 
terial resulting in their failure was established. This material was 
then formed on the machine with the new electric furnace casting 
substituted, and the machine was undamaged. The material being 
punched was then increased in thickness until the manufacturer 
determined that the pressure exerted was twice as great as that 
which caused failure of the semi-steel castings, with no failure on 
the part of the new castings. 

26. The manufacturer calculated that a pressure in excess of 
100 tons was being applied and, needless to say, was satisfied that 
the electric furnace high-test iron possessed strength assuring an 
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ample margin of safety. Fig. 2 illustrates the structure of this 
iron, which possesses in excess of 55,000 lbs. per sq. in. ultimate 
tensile strength. 

27. Especially in the production of alloy irons do we realize 
the advantages of the neutral atmosphere and the stirring action 
of our electric furnace. These characteristics enable us to obtain 
complete recovery of all alloys added, whether as ferroalloys or in 
foundry returns, and to produce with absolute uniformity an alloy 
heat of any desired size. 


Some Special Irons 


28. For example, in producing such alloys as Ni-Resist, our 
percentages of nickel, copper and chromium remain constant after 





Fic. 2—HIGH-STRENGTH IRON (CARBON 3.00 PER CENT, SILICON 1.75, MOLyB- 

DENUM 0.50) UsSep FoR HeAvY-DuTY MACHINERY FRAMES. A: SHOWING VERY 

FINE, EVENLY DISTRIBUTED GRAPHITE. UNETCHED, X100. B: SHOWING WELL- 
DEFINED SORBO-PEARLITIC STRUCTURE. ETCHED IN 4% NITAL, X500. 
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repeated remelting of sprues and returns. We also melt high alloy 
irons and steels for high-temperature and corrosion-resistant appli- 
cations. Some of them contain up to 35 per cent chromium with 
or without nickel, while others contain up to 35 per cent nickel 
with chromium as high as 16 per cent. We find, in the production 
of these high alloys, that we obtain the same close control of com- 
position previously described, and that we obiain complete re- 
covery of the alloys contained in the return gates and sprues. 


Production of Ammonia Valve Castings 


29. One of the most logical applications of electric furnace 
iron is in the production of pressure castings. The requiremeuts of 
this iron are strength, density, freedom from inclusions and good 





Fig. 3—UNALLOYED IRON (CARBON 2.70 Per CENT, SILICON 1.70) Usep Ex- 

TENSIVELY FOR HIGH-PRESSURE SERVICE. A: SHOWING FINE, UNIFORM 

GRAPHITE DISTRIBUTION. UNETCHED, X100. B: SHOWING CHARACTERISTIC 

NORMAL PEARLITIC STRUCTURE, GIVING EXCELLENT MACHINABILITY. ETCHED 
IN 4% NITAL, X500. 
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machinability. We have developed a group of electric irons espe- 
cially designed for this service. 

30. It has been stated that the carbon and silicon content is 
exceedingly important in producing the desired structure in pres- 
sure castings. Fig. 3 shows the structure of a specimen removed 
from a high-pressure ammonia valve. Note the well-developed 
structure of lamellar pearlite and unusually fine, thoroughly dis- 
tributed graphite, both of which are essential. Physical tests of 
this iron made on A.S.T.M. 1.20-in. bars broken on 18-in. centers 
show results as follows: 

Tensile Strength, above 50,000 Ibs. per sq. in. 
Teramevetes BiVORGth .... 2... cccccces 3700 Ibs. 
RR ee ee 0.30 in. 

31. Fig. 4 shows the uniform hardness of castings made 
from this iron. As shown, there is a variation of only five points 
in the series of Brinell readings made on this casting. 

32. Some interesting technique has been developed in the 
production of these ammonia valve castings, where light and heavy 


3 





Fic. 4—SAME IRON AS SHOWN IN Fic. 3. A: SHOWS REMARKABLE UNIFORM- 
ITyY OF HARDNESS, WITH BRINELL HARDNESS VARYING ONLY 5 POINTS IN 17 


IMPRESSIONS. B: SHOWS DESIGN AND PROPORTIONS OF CASTING. 
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sections adjoin. In these cases the iron is designed for the heavy 
sections and nickel is used to prevent the light sections from be- 
coming too tough and slow to machine. 

33. The records of the manufacturer of these high-pressure 
ammonia valves show that during 1932 the entire loss, due to 
foundry defects and machine shop spoilage, was less than 5 per 
cent. Prior to using electric furnace iron, the loss was approxi- 
mately 25 per cent. In one particularly troublesome casting the 
losses formerly ran above 50 per cent. This has been reduced to 
less than half of one per cent. 


Die Production 


34. Another established use of electric furnace iron is in 
the production of dies, many of which we supply to manufactur- 
ers who were formerly using steel. Some of these dies are used 
for forming hot metals. A special nickel-chromium alloy iron is 
used which, with a heat treatment that has been developed, pro- 
duces dies that retain their hardness under the conditions imposed 
by this service. 

Abrasion-Resistant Castings 


35. We supply a great many castings which are subjected to 
abrasive service or wear, and find this to be a very fertile field. 
Our application for this in ordinary service is a very low silicon 
iron with varying carbon content and containing alloys in some 
instances. Where the requirements are extremely high, we find 
that a very low silicon with high carbon, combined with suitable 
alloys, gives the best service. 

36. The ordinary unchilled iron without alioys has a Brinell 
hardness ranging from 400 to 450. By adding nickel and chro- 
mium, the Brinell hardness of the unchilled iron is in excess of 
600. These materials are used for ore and stone conveyors, bot- 
tom plates in coke chutes, pulverizer hammers and many other 
similar applications. 


Sleeves for Large Piston Rings 


37. Another very satisfactory application for electric fur- 
nace iron is found in sleeve or pipe stock for large piston rings. 
bull rings, packing rings, ete. We have designed a series of irons 
for this purpose and have obtained startling results. When made 
from ordinary iron it is by no means uncommon to see half of a 
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sleeve discarded because of spongy iron. The sleeves that we sup- 
ply are uniform in structure from end to end and their entire 
length is used. 

38. For these sleeves we use a low-carbon iron with the 
silicon regulated to produce good machinability in the section in- 
volved. The smaller castings, approximately 14 in. thick and from 
4 to 6 inches in diameter, require iron with 3.00 to 3.10 per cent 
earbon and 2.00 per cent silicon. These combinations are varied 
with larger sleeves; and one 30 inches in diameter and 114 inches 
thick requires iron with 2.70 per cent carbon and 1.50 per cent 
silicon. 


Table 3 

CHEMICAL AND PHYSICAL PROPERTIES OF TYPICAL H1IGH-STRENGTH IRONS 

Trans- Tensile 
verse,* Deflec- Strength, 
Mixture Strength, tion,* lbs. per 
No. TC Si Ni Cr Mo lbs. inches sq. in. 
33 3.10 2.00 2765 0.312 40,600 
67 3.00 1.75 wien 3260 0.290 51,200 
68 3.02 1.74 0.67 3760 0.310 57,750 
27 2.7 1.75 ae 3365 0.286 52,210 
23 2.7 1.75 ean bane 0.70 3745 0.302 59,905 
78 3.20 1.60 wes pieces 0.55 3450 0.309 53,880 
§2 2.60 1.50 2.00 0.60 ee 4245 0.349 52,960 
59 2.70 1.75 1.50 0.60 eer 8450 0.290 53,750 
* Tests were made on A.S.T.M. 1.20-in. bar, broken on 18-in. centers. Ten- 


sile specimens were machined from the broken arbitration bars. 


Strengths of Different Irons 
39. The foregoing paragraphs have revolved largely about a 
discussion of the development of the desired structure for numer- 
ous castings of varying sections and for specific applications. 
Not much has been said about the strength of the different irons. 
40. The development of the proper structure in any given 
casting application automatically results in adequate strength. 
We feel, as do many other foundrymen, that the use of test bars 
for measuring the properties of a casting is both hazardous and 
unreliable, and we, therefore, have definitely established our pro- 
cedure to produce in the castings themselves the properties de- 
sired. In many eases these properties are determined by destruc- 
tive tests on the castings. However, we occasionally are required 

to submit test bars with the castings delivered. 


roar = 














C. R. CULLING 531 


41. Table 3 shows the properties of some of these bars made 
from several of our typical high strength irons, plain and al- 
loyed. Figs. 5, 6 and 7 show the structure of some of these irons 
mentioned. 

Heat-Treated Irons 


42. A type of iron produced in our daily routine and which 
has received wide application is a series especially designed for 
heat treatment. This metal is made from steel punchings with 
carbon additions, as previously described, and contains from 2.00 
to 2.50 per cent of carbon and 1.00 to 1.50 per cent silicon. The 
heat treatment is regulated to produce varying degrees of strength, 
hardness and ductility, and is completed within 24 hours. 

43. The characteristics of this iron can be varied within 
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Fig. 5—A 2.41 Per CENT CARBON, 2.26 SILICON, 0.50 MOLYBDENUM IRON; 
SPECIMEN FROM CENTER OF 2-INCH DIE CaSTING. A: SHOWING EXCEPTIONALLY 
Fine GRAPHITE AND CELLULAR DISTRIBUTION. UNETCHED, X100. B: SHOWING 
SoRBITIC PEARLITE MATRIX. ETCHED IN 4% NITAL, X500. 
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wide limits, according to the composition and heat treatment used. 
One class is made by a routine that produces elastic limit of 
40,000 to 45,000 lbs. per sq. in., with ultimate tensile strength of 
55,000 to 60,000 Ibs. per sq. in. with 12 per cent elongation in 2 
inches. Another class has an elastic limit of 50,000 lbs. per sq. 
in., with ultimate tensile strength in excess of 75,000 lbs. per sq. 
in. and 5 per cent elongation in 2 inches. A third class has from 
3 to 4 per cent elongation, with 65,000 lbs. per sq. in. elastic 
limit and 90,000 to 100,000 lbs. per sq. in. ultimate tensile 
strength. Table 4 illustrates typical physical properties of irons 
of each group. 

44. In addition to these irons, all of which show some duc- | 
tility, we make other heat-treated castings. In many instances we 


ee 7 ge ie eS pe te 





Fic. 6—UNALLOYED GENERAL UTILITY IRON (CARBON 3.20 PER CENT, SILICON j 
1.54), RUNNING OveR 50,000 LBs. PER Sq. IN. TENSILE STRENGTH. A: SHOW- i 
ING VERY UNIFORM DISTRIBUTION OF FINE GRAPHITE. UNETCHED, X100. i 
B: SHOWING SORBITIC PEARLITE STRUCTURE. ETCHED IN 4% NITAL, X500. 
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Fic. 7—A 2.75 Per CENT CARBON, 1.75 SILICON, 1.50 NICKEL, 0.60 CHROMIUM 

InoN, Usep For Dies. THIS IRON FREQUENTLY HEAT TREATED FOR DEVELOP- 

MENT OF SPECIAL PROPERTIES. A: SHOWING GRAPHITE DISTRIBUTION. UN- 

ETCHED, X100. B: SHOWING CHARACTERISTIC FINE PEARLITE. ETCHED IN 4% 
NITAL, X500. 


find it desirable to pour castings for pressure work from a dense, 
tough iron, which receives a heat treatment to lower the Brinell 
hardness from 25 to 50 points, while changing the matrix only 
slightly, but which permits high-speed machining. In other cases 
we furnish castings which are machined as cast and then hard- 
ened and drawn, or which are hardened only. 

45. In the production of heat-treated castings, the definite 
control of composition and temperature that we obtain with our 


Table 4 
PHYSICAL CHARACTERISTICS OF HEAT-TREATED IRONS 
Ultimate Elongation 
Hea Yield Point, Tens. Strength, in 2 in., 
No. lbs. per sq. in. lbs. per sq. in. per cent 
806 46,405 67,525 13.00 
44,690 66,790 12.50 
817 51,310 75,655 7.50 
51,630 76,075 7.50 
873 71,400 100,370 4.00 
69,675 96,870 3.50 


- Note: Tests were made on A.S.T.M. standard 0.625-in. bar. 
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electric furnace enables us to establish routine methods for ac- 
curate production of the desired properties. This uniform control 
of the properties of these castings opens up a wide field of appli- 
cation akin to steel. 


Promptness of Delivery 

46. One outstanding advantage of our electric furnace 
foundry that should be mentioned before concluding, is our ability 
to make prompt delivery of castings. It is obvious that it is im- 
possible to produce the wide range of compositions outlined by 
any method other than with the rocking electric furnace. In 
addition we have found it economical and expedient to produce in 
the electric furnace irons of ordinary cupola composition, which 
enables us to eliminate the delay incident in accumulating a suffi- 
cient tonnage of castings for a cupola heat. During such periods 
we often run 16 to 24 hours daily. In fact, there have been 
occasions where the furnace has been in operation continuously 
for more than 96 hours. 

47. We are well aware that many applications of electric 
furnaces have been made for the production of specific castings 
such as piston rings, brake drums, cylinder blocks, camshafts and 
even crankshafts. However, in this paper we have attempted to 
show the practicability of using the rocking electric furnace for 
the production of a wide variety of castings to meet the require- 
ments encountered in the operation of a general jobbing foundry, 
laying particular stress upon quality control and flexibility. 


ORAL DISCUSSION 


lI. BorNSTEIN ** On page 523, paragraph 16, the author shows results, 
from 200 heats and obtains carbon contents ranging from 2.18 to 2.24 per 
cent. Carbon is within six points on 200 heats, including errors in chemi- 
cal analysis. If the same iron was sent to a dozen different laboratories, 
there probably would be a carbon difference of at least six points reported. 

In results on eight heats shown in Table 2 at the bottom of page 524, 
carbon content shows a variation throughout of only about six points, 
with the total carbon in the neighborhood of 3.0 per cent. A check of six 
points would be considered fairly good between two or three different 
laboratories. Mr. Culling probably is holding his metal right on the line, 
even better than the results show. 





1 Deere & Co., Mcline, III. 
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H. S. Austin :? The same thought occurred to me about the analyses. 
What I am wondering is, where can Mr. Culling get raw materials that 
make such results possible? I know the raw materials have been analyzed 
before use. 


C. R. Curtine: We are quite particular about our raw materials 
which consist largely of steel scrap and cast borings. Clean steel scrap 
may be procured with practically no variation in chemical composition. 
In regard to borings, we do not use indiscriminately any type borings, nor 
do we mix different types in one storage bin. When a car load of borings 
arrives, we standardize that car first by making a careful chemical check 
of about ten samples from different parts of the car and then by melting 
several heats of the material. We check this analysis against that ob- 
tained from the originals. In this manner, we have standardized all the 
elements in that particular car of borings. Consequently, when the mate- 
rial is used, we know within chemical error what results we will get. We 
make a careful check in our remelt for chromium, nickel, and molybdenum 
as these elements tend to upset the results of the fracture bar test. All 
of our raw material is handled in the same manner. 


CHAIRMAN J. W. Bortton:* There is another interesting angle not 
directly brought out in Mr. Culling’s paper. Even 15 years ago, a labora- 
tory around a foundry was unusual. Some foundries sent out samples 
once a week or once a month, and the check on mixtures was most casual. 
It is evident that we have progressed mightily in having to check each 
and every point as we go along. It would be utterly impossible to produce 
Mr. Culling’s results without the most rigid technical control. 


R. H. Bancrorr:‘ Answering Mr. Bornstein’s question, in producing 
30 heats of considerably higher carbon content, approximately 3.65 per 
cent, in an indirect-are furnace, we can show nearly a seven point carbon 
variation. 

H. B. Swan: Our type of melting is not comparable with Mr. Cull- 
ing’s. In our plant, we do not have to hold the analysis so close. We 
could not, because we use the Dulpexing process. Variations in the cupola 
are carried through the electric furnace. As far as strength and structure 
of one or two of these types of irons are concerned, we check him closely, 
particularly on the molybdenum iron with low carbon content. 


CHAIRMAN Botton: It might be of interest to ask Mr. Culling how he 
checks his temperatures. The analysis can be very close and yet some 
variation in temperature at the time of operation would make a difference. 


Cc. R. Curtinc: Temperatures are checked carefully by an optical 
pyrometer which is calibrated daily. While we realize that temperatures 
measured by an optical pyrometer may not be absolutely correct, they are 
relevant and the results always will be uniform as long as the instrument 
is kept calibrated. Pouring and melting temperatures are both important 
and it naturally follows that uniform results require uniform practice. 


2 Campbell, Wyant & Cannon Co., Muskegon, Mich. 
8 Lukenheimer Co., Cincinnati. 

4 Perfect Circle Co., Newcastle, Ind. 

5 Cadillac Motor Car Co., Detroit. 
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M. J. Lerter:* Do either of the gentlemen who just spoke take a 
preliminary analysis and do some doping of the heat to get the carbon 
content as uniform as is mentioned? 

C. R. Cuttine: In the standardization of raw materials, we do not 
attempt to definitely control our carbon in that manner. We check approxi- 
mately for carbon because, in the use of borings, there is always some 
contamination by iron oxide and considerable variation in carbon content 
of the raw material. That is checked at the time the heat is made by a 
fracture test. If we find the carbon a few points low we add, by mathe- 
matical calculation, the proper amount of carbon, rock the furnace, pour 
and take another check by fracture bar. Should the carbon show high in 
the fracture test, we add the necessary amount of steel to reduce it. 

H. I. THOMASMEYER:” Did you check to find what your fuel costs 
were per ton compared to coke? 

C. R. Curtrne: The cost of current as a melting medium is consid- 
erably higher than the cost of coke. However, that is offset, to a certain 
extent, by the use of cheaper raw materials. The final result is compar- 
able to what we call high grade cupola operation. The cost of producing 
certain grades of irons does not enter into the question, because we are 
unable to produce them in any other manner than with the electric furnace. 

MeEMBER: I would like to ask what method is used to deoxidize the 
bath. How much coke is used in calculating the charge? Do you add 
coke to the charge while melting or in the initial charge? How do you 
slag off, if there is any accumulation of slag? If there is no slag accumu- 
lation, what kind of raw materials do you use? 

C. R. Cutting: Deoxidation is accomplished by the rocking action of 
the furnace coupled with the atmospheric reaction which takes place in 
the furnace simultaneously with superheating. This action probably is 
aided by the absence of any significant amount of slag on the bath. 

In ordinary charges, the correct amount of coke is added with the cold 
charge so that it may be absorbed as the charge is melting. In other in- 
stances, such as described in the change of bath progressively, we add 
coke after a portion of the heat has been poured. 

If the charge contains sprue or scrap castings with sand attached, 
there is naturally an accumulation of slag which is removed from the bath 
while it is in a viscous state before the superheating and deoxidizing 
stages. If the charge contains no material contaminated with sand, the 
amount of slag is negligible. We absorb in carbon content approximately 
76 per cent of the coke by weight. 

In regard to technical control, I have a letter where R. S. McPherran, 
Allis-Chalmers Mfg. Co., Milwaukee, commented on the fact that no definite 
reference had been made as to the necessity for chemical analytical control. 
I believe the discussion has brought out the fact that it is neeessary to 
have careful analytical work to achieve definite, uniform results. We 
have a laboratory adjacent to our electric furnace and are extremely 
careful in our carbon determinations. All samples are run in duplicate 
and checked with U. 8S. Bureau of Standards samples. We also use in our 








6 Oliver Farm Equipment Co., South Bend, Ind. 
7 Syracuse Chilled Plow Co., Syracuse, N. Y. 
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routine checking a microscope such as was described in Roy M. Allen’s 
paper* presented before this association in 1931. 

A. C. Mryers:* Mr. Culling touched briefly on a great achievement, 
in my estimation. That is determining the approximate carbon content of 
metal by the fracture test. I have talked to him privately and it seems 
as if they have the procedure down to a fine point. They can tell to within 
a few points the carbon content of metal by the fracture test. I think 
that is a remarkable achievement. 

8 Williams & Co., Pittsburgh. 


*R. M. Allen, The Microscope as a Practical Aid in The Cast Iron Foundry, 
TRANSACTIONS, American Foundymen’s Association. vol. 39, pp. 773-816, a 








Dynamic Properties of Steel Castings 
By Frep Grorts,* East Cuicaao, Inn. 


Abstract 

This paper presents data to show the author’s point of 
view that impact test results give more reliable information 
on the ability of cast steels to resist shock in service than do 
test results on tensile strengths and elongation. Grain struc- 
tures as shown by micrographs indicate the probable impact 
values. To obtain best results as indicated by service tests 
and impact tests, heat treatments are of special importance. 
Similar steels, given different heat treatments, may give simi- 
lar tensile strength results but vary widely in impact resist- 
ance. The author has shown the value of impact testing and 
he expresses the point of view that lack of ability to resist im- 
pact has been the cause of many so-called mysterious failures 
encountered in service. 

1. The assembling of data for this contribution was prompted 
by references in papers recently written by R. A. Bull,'t H. F. 
Moore,” Lorig and Williams,* and Federico Giolitti.* 

2. In Major Bull’s paper, ‘‘Special Steels for Castings,’’ the 
importance of impact testing was pointed out. 

3. In Professor Moore’s article on ‘‘Test Results and Service 
Value of Materials,’’ references were made to brittle material not 
having plastic readjustment, prompting the question: ‘‘Is a ma- 
terial with very low impact classified as brittle?’’ The query arises 
because it has been found that certain materials with only 2 ft.-lbs. 
Izod (in other words, tending to break abruptly under dynamic 
stress) have from 25 to 35 per cent elongation and deform readily. 

4. Inthe very comprehensive paper by Lorig and Williams on 
‘*Physical and Mechanical Properties of Some Well-Known Cast 
Steels,’’ many data and comments are given on impact tests indi- 
eative of their value. 





* Director of Metallurgy, Continental Roll & Steel Foundry Co. 

+ Reference numbers as shown herein correspond with numbers in the Bibli- 
ography at the end of the paper. 

Note: This paper was presented before one of the sessions on Steel Castings 
at the 1933 Convention of the American Foundrymen’s Association. 
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5. In Giolitti’s article on ‘‘Impact Tests in Specifications for 
Soft Steels,’’ we note that the Italian State Railways technicians 
have been discussing new purchase requirements for metals and 
alloys. Satisfactory agreements were reached with no great dif- 
ficulty on all points but one. The exception concerned the pro- 
posed inclusion of the impact test on notched bars into the stand- 
ard specification, not only for special or heat-treated steel but for 
all ordinary untreated carbon steels, cast, rolled or forged. 


Earlier Data Indicate Value of Impact Tests 


6. These articles referring to impact tests are of considerable 
interest and indicate that such tests may be of great value in spec- 
ifications and provide the explanation for many mysterious fail- 
ures of metals. In order to assist in clarifying the subject, the 
author presents here the results of a series of researches conducted 
over a considerable period of time. 

7. The first observations on impact testing of steel as re- 
corded in this paper were made by R. G. Guthrie® in 1918, when 
he was associated with the Curtis Aeroplane Testing Laboratory. 
The parts used for testing were airplane axles of 3.5 per cent nickel 
steel, given special heat treatments. Sometimes an axle failed 
rather abruptly when the airplane made a landing, and when these 
troubles occurred the parts were submitted to the laboratory for 
research. The specified heat treatment was to quench in oil from 
a temperature of 1550 degs. Fahr., then to draw at 1000 degs. 
Fahr. Fig. 1 shows the type of axle failure encountered. 

8. In practically all cases, sections of the axles would give 
good physical tests for elongation and tensile strength. The im- 
pact values in Izod foot-pounds of steel samples from failed axles 
averaged 6 to 12 lbs. At that time there was no attempt to estab- 





Fig. 1—AIRPLANE AXLE ofr 3% Per Cent NICKEL STEEL, SHOWING ABRUPT 
FAILURE. 
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Fig. 2—Microscopic StrucTURE OF AIRPLANE AXLE OF Fig 1. 


lish relationship between impact values and other physical prop- 
erties. However, it was observed on steel of the same analysis, that 
impact values of 40 to 60 ft.-lbs. were often obtained, while the 
elongation and tensile strength values were approximately the same 
as those taken from failed parts. 

9. The structures of the steel were variable, as shown in Fig. 
2. This was evidence that the heat treatments were not constant. 
Therefore, the first effort was to get uniform results in heat treat- 
ing, not solely with the intention of securing uniform impact 
results. 
10. It is of interest to note that the failures were eliminated 
by establishing proper manufacturing practice and close inspec- 
tion control. It appeared that the failure of these nickel steel axles 
was due to low impact value, in spite of the fact that tensile 
strengths and elongations checked with the original specifications. 
The corrective methods also probably resulted in high, uniform im- 
pact values, although it was not standard practice to check regu- 
larly for impact resistance. 

Tank and Tractor Castings Must Resist Shock 

11. Tanks and tractors are other types of equipment that en- 
counter terrific shocks. In some cases the machine drops several 
feet into trenches and ditches, and in other cases it rams into 
walls and heavy obstacles. The construction and operation of 
tanks involved in the author’s investigation were very similar to 
those of the large type of track-laying tractor familiar to many. 
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Fig. 3 





Cast Steet Link For Tractor, SHOWING TYPE OF FAILURE OCCURRING 
PREVIOUS TO RESEARCH OF 1919-21. 





Fig. 4—A: 
TION TAKEN FROM 
A; Izop 12 Fr.-Lgs. 


Section TAKEN FROM CasTING; Izop 4 Fr.-Lps. X100. B: Src- 
Casting SHOWING IMPROVED PHYSICAL PROPERTIES OVER 


X100. OC: SrructurRE of CasTING GIVING Goop SERVICE ; 
Izop 28 Fr.-Lps. X100. 
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12. The fundamental part of this machine is the track. The 
machine functions somewhat like a locomotive traveling on a rail, 
with the difference that the rail is carried by the machine and laid 
down as required. Since the success or failure of this machine de- 
pends on the track, it was the track that received the most attention. 


13. The track was made originally of cast steel links con- 
nected with pins, and Fig. 3 shows one such steel casting that 
caused the original trouble. This breakage occurred when the op- 
erator encountered a rather deep ditch without reducing his mo- 
mentum, and numerous repetitions of this particular kind of fail- 
ure occurred. 


14. Col. Geo. D. Babeock,* then in the Ordnance Department, 
U. 8S. A., requested that a research be conducted to correct the 
trouble. Preliminary observations showed the average steel cast- 
ing to contain from 0.30 to 0.35 per cent carbon, 0.50 to 0.65 per 
cent manganese, 0.04 per cent sulphur, and 0.05 per cent phos- 
phorus. The material was full annealed and had a structure as 
shown in Fig. 4-A. The physical properties averaged as follows: 


Ultimate tensile strength, lbs. per sq. in. ...... 78,000 
eee Se, Oe, WUE OE. TM. wc ccc eecens 47,000 
Elongation in 2 inches, per cent .............. 26 
Reduction of area, per cent ...............4.. 38 


15. The first attempt to correct the existing condition was to 
full-anneal and then normalize the casting. This resulted in a 
structure as shown in Fig. 4-B. The resulting physical properties 
averaged as follows: 


Ultimate tensile strength, lbs. per sq. in. ...... 82,000 
as OI PO, BO, ic ves vce ccs civic 54,000 
Elongation in 2 inches, per cent ............. 24 
Reduction of area, per cent ................. 42 


16. These physical properties gave greatly improved service. 
However, research was continued along various lines with the re- 
sult that two different procedures were perfected, one consisting of 
differential quenching and drawing, the other involving the use of 
special alloys. Carbon steel castings of composition similar to that 
previously mentioned were full-annealed, then quenched in warm 
water and drawn, and produced a structure as shown in Fig. 4-C. 
Physical properties averaged as follows: 


Ultimate tensile strength, lbs. per sq. in. ...... 81,000 
es Ge NE OT os eset ecsvececesvs 58,000 
Elongation in 2 inches, per cent .............. 22 
Reduction of area, per cent .................. 50 
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17. These castings gave fine service. Experiments with me- 
dium manganese, chrome-nickel, and vanadium steel castings 
showed improved results, especially when given a treatment that 
resulted in a minimum of free ferrite. The author also devised a 
differential heat treatment for hardening the rails of these track 
links which gave better results than those obtained with other prac- 
tices employed at that time. 

18. Important steel castings other than the links used on 
the ordnance tractors mentioned, also subjected to tremendous dy- 
namic stresses, were finally produced satisfactorily from steel hav- 
ing a structure similar to that shown in Fig. 6-C. 

19. It is appropriate here to refer to Fig. 4, showing steels 
with very similar tensile strengths and elongations. The reduction 





Fig. 5—A: MICROGRAPH OF STRUCTURE OF ANNEALED Sipe Frame; Izop 12 

Fr.-Lps. 100. B: MicroGRaPH oF STRUCTURE OF NORMALIZED Sipe FRAME ; 

Izop 22 Fr.-Lps. X100. CO: MicroGRAPH OF STRUCTURE OF SORBETIZED Sipe 
FRAME; Izop 40 Fr.-LBs. X100. 
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increased as the quantity of free ferrite was reduced. Resistance 
to dynamic stresses increased as the fineness of the structure in- 
creased. The structure as shown in Fig. 4-A was satisfactory for 
static application, but where dynamic service was encountered, ab- 
rupt failure resulted. It also was observed that an added element, 
such as nickel or vanadium, seemed to increase the toughness or 
resistance to shock. 


High Impact Values Needed for Freight Car Equipment 


20. The following comparative data obtained by the author 
on steel in side frames for freight-car trucks may be of interest. 
Chemical composition of the castings averaged as follows: 


Per Cent. 
ree ee 0.29 
re 0.70 
a dy wl ones es 0.38 
EE dna ks anes mead 0.03 
ee 0.03 


21. Full-annealing resulted in a structure like that shown 
in Fig. 5-A, and in the following physical properties: 


Ultimate tensile strength, lbs. per sq. in. ...... 65,000 
pf SS errr 38,000 
Elongation in 2 inches, per cent ............. 29 
Reduction of area, per cent .................. 40 
OO os 8 tn dale soak ikea eae 12 


22. Fig. 5-B shows the structure of material having the fol- 
lowing physical properties after full-annealing and normalizing: 


Ultimate tensile strength, lbs. per sq. in. ...... 67,000 
pe 40,000 
Elongation in 2 inches, per cent ............. 26 
Reduction of area, per cent ...............0-. 45 
Te Ca cbs ety ae bade nadie "kon 22 


23. Fig. 5-C shows the structure of material having the fol- 
lowing physical properties after full-annealing, quenching and 


drawing : 
Ultimate tensile strength, lbs. per sq. in. ...... 70,000 
Viend poet, TB. POP WG. Toon cece cece 46,000 
Elongation in 2 inches, per cent .............. 25 
Reduction of area, per cent .................. 52 
Re ee re 40 


24. This contrast of physical properties in railroad castings 
is of interest in that the tensile strengths and elongations in the 
three samples are practically the same, yet the impact values vary 
from 12 to 40. Data subsequently obtained showed Izod values 
ranging from 4 to 12 in steel the sections of which were closely 
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calculated, having a tendency to fail when subjected to a violent 
blow. Fig. 5 shows structures from material of the same analysis. 
25. Castings with structures similar to that of Fig. 5-C, when 
used for tests approximating road conditions, appear to last in- 
definitely so far as fatigue or reversal of stress is concerned. Ob- 
servations in general thus far seem to show that when the ferrite 
is in solution and etching reagents indicate a sorbitic structure, 
performance under dynamic stresses is highly satisfactory. 


Mysterious Failures Traced to Poor Dynamic Properties 
26. The accumulated evidence seemed to indicate, at this 
point in the investigation, that many unknown failures are trace- 
able to poor dynamic properties, and that good resistance to dy- 
namie stresses results from a certain fineness of structure, or ra- 
tio of free ferrite. The thought was advanced by J. Campbell’ 
that an extra element, such as vanadium or zirconium, might act 
to prevent certain slip movements in the crystalline structure of 
the steel, and thus provide a toughness not characteristic of 
straight carbon steels. 
27. The general data obtainable from fatigue and tensile tests 
did not seem to give a satisfactory solution to the problem. From 
extensive service observations it appeared that sudden blows were 
always the source of the trouble, rather than straight static loads 
or reversal of stress loading. It was very noticeable in some cases 
that metal that would take extensive distortion under statie con- 
ditions would fail quickly under a sharp blow. 
28. Accordingly, data were tabulated after research along 
the following lines: 
(a) To determine the effect of grain size. 
(b) To determine the effect of free ferrite. 
(ec) To determine the effect of extra elements. 
(d) To determine if the impact test is a gage of dy- 
namie service. 
(e) To determine if impact is indicated by structure. 
(f) To observe the relation, if any, of impact to other 
physical properties. 
Investigation of Reclamation and Dredging Castings 
29. The service encountered by reclamation and dredging 
machinery requires material of the very best design, composition 
and treatment. Among such parts are cast steel sprockets simi- 
lar to those used in track-leying machines. It is the practice to 
make the hub and spokes tough and machinable with a Brinell 
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hardness about 190, while the teeth are given a hardness of from 
400 to 500 Brinell to resist abrasion. 

30. In this connection, attention is directed to Fig. 6. The 
analyses of the steel used for the four samples shown were prac- 
tically the same, being approximately 0.35 per cent carbon, 1.55 


per cent manganese, 0.35 per cent silicon, 0.04 per cent sulphur, 
and 0.03 per cent phosphorus. The fineness of structure is a gage 
of the impact value, as the steel illustrated in Fig. 6-A showed 4 
ft.-lbs.; that in Fig. 6-B, 12 ft.-lbs.; that in Fig. 6-C, 33 ft.-lbs., 





Fic. 6—Structures oF SimmMiLtar StTerus (CarBon 0.35, MANGANESE 1.55), 
SuHowine Errect oN GRAIN Size AS RELATED TO Impact ResuLts By DirrerR- 
ENT Heat TREATMENTS. A: Izop 4 Fv.-LBs., NORMALIZED FROM 1700 
Fanr. X100. B;: Izop 12 Fv.-Lps., ANNEALED at’ 1650 Drcs., NorMALIZzE 
FROM 1600 Dees. X100. C: Izop 33 Fr.-LBs., ANNEALED at 1650 Dec 
Rapip NORMALIZE FROM 1550 DrcGs. AND Drawn at 1200 Drees. X100. 
Izop 10 Fr.-Lps., SAME ANNEAL AS C But QUENCHED FROM 1550 Dregs. In- 
STEAD OF RAPID NORMALIZING. X100, 








‘~ 
_ 
© 


Frep GRoTtTs 





‘OOIX ‘NOILVONOIG %8Z ‘AIISNAYL, “SAT OOO0'FS > FOVNUAY NI TOO) 
MOIS GNV GWIVENNY ‘SOUQ OOOT ‘AN IVEANNY ‘SOAQ OOLT - 48 IVOXVN OFT ‘NOMUVD FEO ''SHIT-L1q § d0z] :7 “OOLX ‘“NOLLVONOTIOL % OF 
‘HIISNGL, ‘SAT OOO'TS ! AVUC ‘SOIC OGTT ANV ‘AZIIVNUON AldVy “SOIC OO9T “AWIVANNY ‘SOG OCOL ‘TAMSIN 09'O ‘ASANVONVAT OST ‘NOMUVY 
Ze'O / Say-Ly O09 doz] :Z ‘OOLX ‘"NOILVONOTIG %9% ‘ATISNGY, ‘SAT 000°36 **S9AG 008 LV NAVA aNV ‘Uly TIMLg NI GazVIVNYON ‘S9dg 
OCET ‘AMIVANNY "SOU OCOT : NAIGVNVA OT'O “ASANVONVAL OF'T ‘NodUuVD O80 {SHILA OF 40Z] :G ‘OOLTX ‘NOILVONOTG % 8G ‘AIISNAL ‘Sa'T 
6000'FS ‘40 SUOOG HLIM AOVNYOG NI GazIVNYON ‘SOUd OOLI : ASAUNVONVAL FOL ‘NOMHVD FEO © 'SHT-“Ga © d0zy :O0 ‘“OOLX ‘NOLLVONOT 
%9% ‘ATISNEY, “SAI 000'98 {YY TILg NI agd1005 YO GAZIIVNUON ‘SOA CLOT S‘ASQNVONVIV OFT ‘NOMUVD FEO ''SHIT-1y 9 GOZT -g 
‘OOLX ‘NOILVONOIG %OE ‘ATISNAT “SAT 000'SS *'S9AM OCTET LV MVAd ‘HONGDH Uy "YHVA ‘SOA OOOT *ASANVONVIV OFT ‘NOMUVD Cs'O 
{say-Lq €% d0z] : VY ‘NOILVONOTIG GNV HLONGULS AISNAY, YVTINIS HLIM STAGLG NO ALIWUAYA 40 SAILILNVADH SAOLUVA AO Loadag—L “SIA 














548 DYNAMIC PROPERTIES OF STEEL CASTINGS 


and that in Fig. 6-D, only 10 ft.-lbs. In the material shown in 
Fig. 6, A, B and C, tensile strength and high elongations were 
practically equivalent, while the steel shown in Fig. 6-D had poor 
elongation and high strength. 

31. Fig. 7 shows the effects of various quantities of free fer- 
rite. In Fig. 7, E and F show extremes, and although the tensile 
strengths and elongations are similar, the impacts are 60 and 8, 
respectively. 

32. Fig. 7-D shows the effect of adding vanadium. It is ap- 
parent that under ordinary conditions a certain fineness results 
from the use of this element, with corresponding increase of im- 
pact resistance. It also has been shown by other researches, es- 





Fic. 8S—A: STRUCTURE OF ANNEALED SPROCKET; Izop Impact 8 F.-LBs.; 1650 

Decs. Faur. ANNEALED; 85,000 Las. TENSILE, 28% ELONGATION. X100. B: 

StrucTuRE OF Dynamic Sprocket; Izop Impact 52 Fv.-Lps.; 1650 Dees. 

ANNEALED, 1550 Decs. Rapip NorMALIZE, 1250 Dees. Draw; 88,000 Les. 
TENSILE, 29% ELONGATION. X100, 





Fic. 9—LarGe CRAWLER FRAME HAVING UNIFORMLY HIGH DYNAMIC PHYSICAL 
PROPERTIES ; Izop 55 Fr.-Lps. (AVERAGE OF 10 HEATS) 
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pecially those reported by W. C. Hamilton* and Jerome Strauss,® 
that the addition of vanadium to medium pearlitic steel approxi- 
mately doubles the impact values and gives a finer structure than 
is obtained without the element. 

33. It is further demonstrated, as we contrast Figs. 8-A and 
8-B, that in some cases the micrograph will indicate the impact 
value. In these cases of the same analysis, the steel shown in Fig. 








EXCAVATING MacHINe Base witH SpeciaL DyNAaMIC PROPERTIES; 
Izop 40 Fr.-Lss. 


Fig. 10 
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Fig. 11—A: Srructure or Castine; Izop 4 Fr.-Lps.; 1675 Dees. Fanr. 

FURNACE ANNEALED; 86,000 Les. TENSILE, 27% ELonGaTion. X100. B: 

STRUCTURE OF CASTING AFTER PROPER Heat TREATMENT; Izop 58 Ft.-Les. ; 

1675 Dees. ANNEALED, 1550 Dees. Rapip NORMALIZE, 1250 Dees. Draw ; 88,000 
Les. TENSILE, 29% ELONGATION. X100. 
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8-A had 8 ft.-lbs., while the steel shown in Fig. 8-B had 52 ft.-lbs. 
Izod values. 

34. Figs. 9 and 10 illustrate large castings made of special 
steel treated to give controlled impact value and other special phys- 
ical properties. They show what can be done through special efforts 
to produce large designs with minimum weight and high dynamic 
value. Practically no welding whatsoever is permitted on these 
castings, so that uniformity of results is guaranteed. It has been 
demonstrated that impact values of welded structural parts are 
variable as contrasted with a well-designed casting properly made 





Fie. 12—A: Same Structure as SHOwN IN Fic. 11-A, Bur X1000; Izop 4 
Fr.-Lps. B: Same ANALYSIS AS A ABOVE, But HicH Impact VALUE; Izop 
55 to 60 Fr.-Las. X1000. 
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Fig. 13—A: RapioGRaPH OF SPECIMEN SHOWN_IN Fig. 12-A. B: RADIOGRAPH 
oF SPECIMEN SHOWN IN Fic. 12-B. 

and treated. Reliability in these large designs is of maximum im- 

portance. 

35. Changes in manufacturing procedure were effected for 
these parts. The standard practice had consisted of making the 
castings from a manganese pearlitic steel, well annealed, to give 
the required high qualities. This method resulted in very good 
bending properties, accompanying an elongation of about 30 per 
cent and a tensile strength averaging 78,500 lbs. per sq. in. The 
impact value, however, was 4 ft.-lbs. in steel having a structure as 
shown in Figs. 11-A and 12-A, the latter showing the condition at 
1000 diameters magnification. 


Slow Loading Versus Shock 

36. It is clearly indicated that the constituents are completely 
divorced and that their ability to cohere must be at a minimum. 
However, it is apparent that if loading is slow, great elongation or 
plastic readjustment will oceur, while the material might fail ab- 
ruptly when subject to shock. 

37. Fig. 13-A reproduces a radiograph showing a definite pat- 
tern for this structure. Since uniform dynamic properties were es- 
sential for these large castings, a practice was developed that re- 
sulted in a structure as shown in Fig. 11-B, in material having an 
Izod impact value of 55 to 60 ft.-lbs. The structure at 1000 di- 
ameters as shown in Fig. 12-B is not massive, as it is in Fig. 12-A. 
Fineness and uniform distribution are noticeable. The radio- 
graph illustrated in Fig. 13-B shows a distinet pattern, as con- 
trasted with that in Fig. 13-A (from W. G. Praed?*). 

38. The last section of this paper, mentioning large castings, 
is contributed to show that dynamic properties are controllable 
when correct practices are observed, and that the impact value of 
the steel is the best criterion on which to base the service value of 
such designs. 
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Summary 


39. In summarizing researches engaging the author’s atten- 
tion to this subject, the following comments may be of interest: 


(a) No attempt was made to accumulate data with re- 
spect to impact results on abnormal or improperly made steel. 

(b) Inelusions of various types have much to do with 
impact values. Angular inclusions are more objectionable 
than round inclusions. The location of the inclusion with 
respect to the grain boundary has much to do with the ability 
of the material to hang together (F. Sutherland"). 

(ec) Probably one of the most important features ob- 
served microscopically is the condition of the ferrite and grain 
refinement, as shown in Figs. 12-A and 12-B. 

(d) No noticeable relationship was observed between 
tensile strength and impact value. (Tensile strength has a 
relationship to fatigue resistance, as observed by other in- 
vestigators. ) 

(e) There seems to be a relationship between the yield 
point and impact values. In observed cases an increase of 
yield point was accompanied by increase of impact resistance. 

(f) The elongation had no noticeable relation, in gen- 
eral. 

(g) In practically all cases the impact value varied with 
the reduction of area value, good reduction attending good 
impact resistance. 

(h) There was no connection between Brinell hardness 
readings and impact values. 

(j) Our observations show that fatigue resistance va- 
ries with impact resistance, in that failure from repetitions 
of a measured stress are greatly reduced when materials have 
high impact value. This is an interesting feature, as fatigue 
value has a relationship to tensile strength whereas impact 
value has none. Still, by our observations there is a distinct 
relationship between impact resistance and fatigue resistance. 

40. In conclusion, the author has attempted to show the value 
of impact testing of steel castings. Experiments on material for 
several purposes (aircraft, tractor, railroad and excavating ma- 
chinery) have been mentioned, as in each case the application of 
impact testing resulted in practices which gave good dynamic 
properties that eliminated many troubles. There is no doubt that 
lack of ability to resist impact has been the cause of many so-called 
mysterious failures encountered in service. 

41. Reference has been made to writers of valued papers re- 
lating to special physical properties of steel. In those contribu- 
tions were striking paragraphs which indicate that impact test- 
ing of materials requires further attention and elaboration. The 
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author of this paper has briefly presented information obtained in 
some of his researches with an idea of increasing the general knowl- 
edge on the subject, and to indicate results obtained through im- 
parting dynamic properties to cast steel by information obtainable 
from the impact test. 
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WRITTEN DISCUSSION 


D. C. Zuece:’ It is recognized generally that steels of the inter- 
mediate-manganese type, either with or without the addition of other 
alloys, and most other alloy steels, must be given a draw treatment after 
normalizing if high impact values are required. In many cases, castings 
are given triple treatments in which two of the heatings have been to 
temperatures above the critical range, with highly beneficial results. It 
has been our experience, based upon test coupons attached to small and 
medium sized castings, that a double normalize and draw has given better 
results in securing the desireable, fine grained, sorbitic structures and 
high impact values, than the full anneal, normalize and draw treatment. 

With reference to the relation of impact values to other physical 
properties, the statements made by the author in paragraphs d, e and f, 
page 552, should be qualified somewhat since they hold only where the 
microstructures or drawing temperatures are similar. A specimen which 
is martensitic or troostitic in structure generally has a lower impact 





1Sivyer Steel Casting Co., Milwaukee. 
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value than a sorbitic structure but has a much higher yield point. The 
impact values of alloy cast steels which have been normalized are in- 
creased considerably by draw treatments and, in many instances, increase 
as the draw temperature is increased, notwithstanding the fact that such 
treatment decreases the yield point and tensile strength and increases 
elongation and reduction of area. Furthermore, since these changes in 
physical properties occur at draw temperatures below the critical range, 
they occur without any changes in the free ferrite distribution. There- 
fore, it appears that the relation between impact values and other physical 
properties is more involved than is indicated in the author’s summary. 
The author rightly emphasizes the necessity for a method of evaluat- 
ing the shock resisting properties of engineering materials. Present 
methods of impact testing have enabled us to obtain relative information 
on this subject. However, because of the many variables introduced and 
the lack of standardization in impact testing, caution must be used in the 
interpretation of impact values. <As a typical example, our laboratory 
files show a 24.9 ft. lb. Charpy value on an intermediate-manganese-nickel 
steel, whereas the Izod value on the same steel was 42 ft. Ibs. Another 
steel, having 5 ft. lbs. Charpy when one type of notch was used, showed 
11.5 ft. lbs. when a second commonly used type of notch was employed. 
These examples have been included not for the purpose of condemning 
a test as valuable as the impact test, but rather to show that until a 
greater degree of standardization has occurred, impact test values are 
only relative and ean be interpreted intelligently only when all conditions 
surrounding the tests are known. A steel showing. for instance, 40 ft. Ibs. 
Izod is not necessarily a tougher steel than one showing 20 ft. Ibs. Charpy. 


ORAL DISCUSSION 

F. Grotts ? It was not my purpose to discuss heat treating because 
that is a subject for a paper in itself. However, let us refer to the cast- 
ings that have been shown. We have found that the practical production 
process is to anneal, rapidly normalize, and draw, because it is necessary 
to keep the constituents in solution. In ordinary foundries which have 
the car type annealer, it is essential that the castings be separated prop- 
erly to heat correctly, also that cooling be uniform and rapid. Regarding 
ability to obtain special dynamic properties, there is no question of obtain- 
ing results from these designs if the particular features mentioned are 
watched. 

I don’t know whether I have answered the question completely, but 
castings must be well distributed so that cooling will be accentuated. 
Then the castings must be drawn. We do not consider double normalizing 
or annealing and normalizing sufficient. In general, the material is heated 
to a fairly high annealing temperature to refine the casting structure and 
reduce danger of cracking, followed with a lower temperature above the 
critical range, thus handled so as to retain important constituents and 
finally drawing back. 

R. A. Butt:* When the term normalize is used, not all the facts 


2Continental Roll & Steel Foundry Co., East Chicago, Ind. 
3Consultant on Steel Castings, Chicago. 
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always are known. Steel supposedly normalized may get many kinds of 
treatment. The ordinary practice of normalizing is to pull a truck out of 
a hot oven. It may be loaded five or six feet high. The truck may be 
quite wide. It generally is assumed that the material all is normalized 
properly. If the treatment of the casting in the bottom of the truck is 
considered, it must be realized that the material is not normalized. 


When conclusions are drawn about various methods of heat treatment, 
such items must be taken into consideration. Sometimes in commercial 
practice, it is difficult to standardize all conditions in respect to every 
individual casting that may be under consideration. 

Mr. Zuege’s comments relating to the advisability of interpreting im- 
pact test values need a lot of thought. It is extremely unfortunate that 
we do not have one impact test which is accepted generally as standard. 
If either the Charpy or the Izod test is used in a plant and its customers 
use and think in terms of either of these tests, comparison may not have 
gone far enough. The manner in which the slot is made and the ac- 
curacy with which the tooling is done, exert a tremendous influence on 
the results of a particular test. Slight tool marks, that may not be 
obliterated entirely by the finest polishing operation, unquestionably have 
a decided influence on the resistance to the impact. That holds true to a 
greater extent in the more complex alloy steels as compared to plain 
carbon steel. 

H. H. Brosso:* I have done quite a bit of work on tensile impact 
testing of cast steel and I am not as sure of its value as I was formerly. 
The tensile impact test does not show any preference for heat treatment 
that is not shown by the static tensile test. I redesigned the standard 
tensile impact bar so that it had the same relation between the diameter 
and gage length that the standard static tensile bar has, and find that the 
relation between elongation and reduction of area is in the same ratio for 
the tensile impact bar as for the static tensile bar, and almost exactly the 
same percentage. If your elongation is 20 per cent in the static test, it 
will be close to 20 per cent in the impact test. 

F. Grotts: It is not my idea to recommend the incorporation of im- 
pact testing in all specifications. It is a valuable item on certain castings, 
without a doubt, but the purpose of the paper is not to advocate impact 
in all specifications. If that is done, immediately the customer might ask 
for impact tests on all castings with the corresponding cost increase. As 
this discussion goes on, I wish to say that the endeavor is to bring out 
the importance of dynamic steel and not necessarily to incorporate the 
impact test in our specifications in general. 

In reply to Major Bull, who mentioned machining and other imperfec- 
tions, that applies also to the tensile bar. These bars must be reasonably 
correct. I do not advocate Izod over Charpy or vice versa. WBither is an 
indication of the dynamic properties. We have found that the approxi- 
mate ratio of Izod to Charpy is about 1.41. We have contrasted quite a 
large number of results. Multiply the Charpy by that ratio and the result 
is Izod. 


*Minneapolis Electric Steel Castings Co., Minneapolis. 
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A. W. Lorenz:> Where Charpy and Izod tests are concerned, a certain 
relationship is found after running a number of tests but the type of 
notch must be predetermined and standardized. I cannot say much 
about the statements made on tensile impact results. Some of the state- 
ments sounded strange. The Watertown Arsenal, which has the only 
large Charpy impact machine in the country, did not place any confidence 
in the tensile impact test on the small machine because the size of the 
bar is roughly only one-eighth of an inch in diameter. The Arsenal has 
a machine of ten times the capacity which holds a bar of st :indard size. 
I know they are very much pleased with the result they get from that 
type of testing, but I wouldn’t be disposed to trust results on cast steel 
on one-eighth inch diameter bar. 

J. Strauss:* A number of years ago I had grave misgivings regard- 
ing the use of a V-type notch in an Izod test bar. Some types, through 
experience, have been discarded. For a long time, I so mistrusted the 
V-type bar that I used the drilled notch, and began to think a little more 
about the subject. Petrenko, of the bureau of standards studied the notch 
question and reached some interesting conclusions. These are included in 
an article published about eight years ago. 

The first point is that the degree of sensitivity to variation in the 
form and surface of the notch is dependent upon the character of the 
material. This has been confirmed in my own work. Brittle materials 
are more sensitive to variation in the notch than are the tougher mate- 
rials. For that reason, some of the conclusions which Mr. Grotts has 
presented are independent of consideration of small differences in notch 
form and surface. 

If a V-notch of the type standardized by the British Engineering 
Standards association is machined in an Izod test bar with a form cutter 
in a single cut, it will not make a good bar and it is difficult to check 
results within the same laboratory and with those of other laboratories. If 
the notch is made with several cuts, the last being three or four thou- 
sandths of an inch thick, small variations in surface due to the small 
scratchings resulting from the machine tool will not be appreciable. We 
have checked that point carefully. We have checked our own Izod bars 
with Izod bars prepared elsewhere and also with tests by other labora- 
tories and the degree of agreement is satisfactory. 

If an Izod test is made on a steel casting and variations among dif- 
ferent laboratories and different methods of preparation of the test bar 
are from 55 to 60 ft.-lbs., how much difference does it make? However, 
if the material has an Izod value of 15 ft.-lbs., the same variation in 
surface condition in the notch of the test piece may cause a variation of 
from 10 to 20 ft.-lbs. That is an appreciable difference. 

We prepared test pieces in which the notch was ground by emery 
wheels of several different degrees of hardness and also machined by the 
use of a form cutter. We find that any carefully thought out method is 
satisfactory, provided the radius at the base of the notch is reasonably 
uniform. 


5 Bucyrus Erie Co., Miiwaukee. 
6Vanadium Corporation of America, Bridgeville, Pa. 
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WRITTEN REPLY BY AUTHOR 


F. Grotrs: I wish to thank the various individuals who have pre- 
sented discussions for their constructive and interesting ideas on impact 
testing with relation to gaging the dynamic properties of steel castings. 
There is much to be gained by further investigation and discussion. 
The point that castings can have extensive deformation properties under 
static conditions, and yet fail suddenly when subject to abrupt working 
conditions especially should be elaborated. 

A private communication from Mr. Batty asks if I consider an im- 
pact test, with a Brinell reading, sufficient criteria for acceptance of a 
casting. I do for some applications. In general, I would recommend it 
as an addition to regular tests as it is the measure of a particular prop- 
erty not shown conclusively by the tensile, elastic limit, elongation or 
reduction tests. There seems to be a relationship to the reduction of 
area and yield point. A Brinell result, with an impact test, may be better 
for some dynamic designs than figures showing strength and ductility. 

The question of surface variation, as brought out by Major Bull and 
Mr. Zuege, has been answered by Mr. Straus. With regard to standard- 
ization of machining methods for impact test bars, there is no doubt about 
the importance of such a procedure. 
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Relationship of A.S.T.M. and A.F.A. in the 
Development of Tests and Specifications 


By H. Bornstern,* Mourne, Iu. 


In the field of cast iron for many years there has been ex- 
cellent cooperation between the A.F.A. and American Society for 
Testing Materials. The A.F.A. has encouraged research in respect 
to manufacture and the A.S.T.M. has devoted itself to testing and 
specifications. These fields are related, and this relationship has 
been recognized in the committee work of the two organizations. 

In 1922 the officials of A.F.A. and A.S.T.M. endeavored to 
secure closer cooperation between the two associations on matters 
of mutual interest. A joint committee was appointed and the fol- 
lowing recommendations were made: 

(a) That the A.F.A. be elected to membership on 
those A.S.T.M. committees dealing with specifications 
and methods in which the A.F.A. is interested. 

(b) That the chairmen of the A.F.A. committees 
be designated as the A.F.A. representatives on the sub- 
committees of the appropriate A.S.T.M. committees. 

(ce) That the A.F.A. committees function by re- 
viewing A.S.T.M. specifications as they stand, either 
recommending endorsement by the A.F.A. or submitting 
criticisms for transmittal to the A.S.T.M. committees. 

On the A.S.T.M. tentative specifications, endorsement 

should be deferred until their adoption as standard, and 

that in the meantime any criticism of such specifications 

should be transmitted to the A.S.T.M. committee. 

(d) That with reference to publication by the 
A.F.A. of A.S.T.M. specifications, that publication take 
the form of an endorsement of such specifications, which 
will be printed as A.S.T.M. specifications. 

* Director, Testing and Research Laboratory, Deere & Co.; Chairman A.F.A, 
Gray Iron Division, and Chairman Committee A-3 on Cast Iron of the American 
Society for Testing Materials. 

Notre: This and the seven following papers constitute the “Symposium on 
Tests and Specifications for Cast Iron” presented at a Joint Meeting of the A.F.A. 
and the American Society for Testing Materials held as a part of the 1933 Con- 
vention of the American Foundrymen’s Association. 
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The above recommendations were officially approved by both 
A.F.A. and A.S.T.M. in 1922. During the past year (1932) an 
arrangement was made between the two societies whereby A.S.T.M. 
specifications, when approved by the A.F.A., will carry a notice 
that such A.F.A. approval has been given. 

In respect to A.S.T.M. Committee A-3 on Cast Iron, this plan 
has worked very well. A number of members of the A.F.A. Com- 
mittee on Gray Iron Castings are also members of Committee A-3. 
This has resulted in the closest cooperation on problems of mutual 
interest, and it has prevented duplication of effort. It is hoped 
that the pleasant and profitable relations between the two organiza- 
tions will long be continued. 








Significance of Testing Cast lron 
and Limitations of Testing 


By H. Bornstern,* Mourne, Iu. 


The user of a casting is interested primarily in the perform- 
ance of this casting in service. Our testing procedure should have 
as an aim the securing of information which may be used in the 
estimation of the suitability of the casting for service. Too fre- 
quently we lose sight of the function of testing, and as a result 
many tests are made which have little or no relationship to the 
value of the casting for its particular service. Since iron castings 
are used for many types of service, different types of tests are 
required. 

These tests include chemical analysis, various physical tests 
such as tensile, transverse, compression, shear, hardness, impact, 
ete., and examination of fracture and structure. Occasionally 
special tests for machinability and wear are employed. 


Chemical Analysis for Production Control 


Chemical analysis is valuable to the producer of castings as 
a means for control of his product. It is of lesser value to the 
user because two castings of similar chemical analysis may vary 
widely in physical properties. For this reason specifications are 
now stressing physical properties rather than composition. Occa- 
sionally, alloying elements are added to secure certain desired 
properties, and it may be difficult to describe these properties in 
terms of physical test results. In such cases the specifying of 
these elements may be desirable. 

The consumer is concerned with the suitability of his casting 
for service, and he should not hamper the producer with specifi- 
cations for composition which may adversely affect this service. 
There are many such specifications today, and the foundryman can 
do his part by pointing out unnecessary or inconsistent specifica- 
tions to the consumer. 

* Director, Testing and Research Laboratory, Deere & Co. 

Note: This paper was the second of eight contributions presented at a Joint 
Meeting of the A.F.A. and the American Society for Testing Materials held as a 
part of the 1933 Convention of the American Foundrymen’s Association 
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Service Tests 

The best test of a casting is a service test. Obviously, we 
cannot use this as an acceptance test. However, where strength 
is a factor, the testing of an occasional casting for strength is 
recommended, provided the casting lends itself to such a test. 
Also, the proper size of test bar should be selected ; then a correla- 
tion might be established between the casting and the test bar. 

No standard tests have been worked out for wear resistance. 
There are many types of wear, and an iron which may give good 
performance under one set of conditions may be poor under other 
conditions. Frequently, tests for hardness and structure may 
indicate the results to be obtained. 


Knowledge of Test Limitations Important 


It should be pointed out that tests on cast iron are valuable if 
we realize the limitations of testing and provided sufficient care 
is taken in the interpretation of test results. 








Various Tests for Cast Iron 


By R. 8S. MacPuerran,* MimwavuKeEEe 


1. Transverse Test 

The transverse test is the most widely used test for cast iron 
in this country. It is a popular test because the test bar is not 
machined and the test is easily made. The breaking load and de- 
flection are usually determined, giving information which is of 
value and which may be translated into other terms. In some 
cases the deflection at a certain load is determined in order to get 
a measure of the stiffness of the metal. 

The modulus of rupture may be calculated from the results 
of the transverse test. The modulus of rupture is equal to 

r le 
41 
Where P=breaking load in pounds 
1—distanece between supports in inches. 
e=distance from neutral axis to outer fiber. 
I moment of intertia. 

For the three sizes of transverse test bars in the A.S.T.M. 
Tentative Specifications for Gray Iron Castings, A48-32T, the 
modulus of rupture may be obtained by multiplying the breaking 
load by the factor (equal to value of 1 ¢/4 I) in the following table: 
-- Test Bar —_ 








~— —_ 


Diameter. Distance between supports. Factor. 
0.875 inches. 12 inches. 45.61 
1.2 18 inches. 26.53 
2.0 24 inches. 7.64 


The reader is referred to the Symposium on Cast Iron to be 
presented at the A.S.T.M. meeting June 26, 1933, for a more 
extended discussion. 

2. Tensile Test 

The tensile test for cast iron has gained rapidly in importance. 
Tensile strength figures usually mean much more to the engineer 
than do the results of the transverse test. 

* Chief Chemist, Allis-Chalmers Mfg. Co. 

Note: This paper was the third of eight contributions presented at a Joint 
Meeting of the A.F.A. and the American Society for Testing Materials held as a 
part of the 1933 Convention of the American Foundrymen’s Association. 
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There is no definite relationship between tensile test results 
and transverse test results. For a given iron, a fairly good rela- 
tionship may be established so that in a particular foundry the 
results of transverse test can be translated into approximate 
tensile figures. However, this relationship will vary depending 
on the type of iron used. 

The tensile test bar may be machined from the broken halves 
of the transverse test bar or may be machined from a separately 
east tensile test bar. 

The cost of machining is one of the objections advanced to 
the use of the tensile test bar. A number of attempts have been 
made to reduce the amount of machining required. Care should 
be taken to obtain axial loading in the tensile test, otherwise the 
results will be of little value. 


9 


3. Hardness Tests 


Hardness tests are frequently made on cast iron. The Brinell 
test is most popular. The Rockwell hardness test is also employed, 
using the B scale with steel ball for gray irons and the C scale with 
diamond penetration for white irons. The sclerescope may also be 
used for white irons. 

For particular irons, relationships may be established between 
hardness and strength, machinability, ete. However, no general 
relationship may be used. 


4. Impact Tests 
Shock or impact tests are made on cast iron. Various types 
of testing machines are employed and no standard method has 
been adopted. For a detailed report on impact testing of cast 
iron, reference should be made to the 1933 report of Committee 
A-3 of the American Society for Testing Materials. 


5. Chill Test 
The chill test is used in many foundries as a control test, and 
is quite valuable. No standard test has been adopted, but each 
foundry uses a size of bar suitable to its particular work. A 
definite relationship may be established in the foundry between 
the chill test results and the metal in the casting. 


6. Fatigue Test 


The fatigue test is not generally used for cast iron. Prof. J. 
B. Kommers made a large number of fatigue tests on cast iron 
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and some of this work is reported in his paper on ‘‘ Fatigue and 
Statice Properties of Some Cast Irons,’’ A.S.7.M. Proceedings, 1928, 
page 174. The endurance limit in fatigue is about 50 per cent of 
the tensile strength. 


7. Compression Test 


Cast iron has a high value in compression. The compression 
test is made by loading a one-inch cube until failure occurs. The 
compression strength of cast iron ranges from about 214 to 5 
times the tensile strength. In general, the ratio is higher for the 
weaker irons and lower for the stronger irons. 








Correlation of Test Bar and Casting 


By R. S. MacPuerran,* MinwavuK&EE 


After making tests on test bars, the next thing is to translate 
these values into terms of the iron in the casting itself. 

The correlation of test bar and casting has long been the 
dream of every foundryman and metallurgist. It always has 
been recognized that the strength of the test bar itself, in pounds 
per square inch, did not represent the strength of the same iron 
when poured into a casting of any size. This is due to the dif- 
ferences in the speed of cooling, internal stresses, soundness, etc. 
The slower the cooling, naturally the softer the iron. 

It is an old saying that any plain iron is soft if cooled slowly 
enough and any plain iron is hard if cooled fast enough. In fact, 
the cooling conditions of any ordinary casting have more effect 
on its physical properties than does the chemical analysis. 

Many efforts have been made by various men and organizations 
to estimate the strength of the iron in the casting from the physical 
tests made on the test bar. It seemed to the writer that while 
space did not permit a detailed description of all the work done 
on this subject, it would be worth while here to briefly refer to 
many of the reports made by American writers referring espe- 
cially to those most easily available to members of A.F.A. and 
A.S.T.M. 

Rother and Mazurie't made a series of test bars 1 in., 11% in., 
2 in., 214 in. and 3 in., which showed the decrease in strength as 
the diameter increased. The percentage of such decrease depended 
somewhat on the mixture used. 

A little later this question was referred by Committee A-3 of 
A.S.T.M. to a Sub-Committee on Correlation of Test Bar and 
Casting formed in 1926. The annual reports of this committee, 
beginning in 1928, should be read by all those interested. An 
extract from the report? of this Committee A-3 in 1928 reads as 
follows: 


* Chief Chemist, Allis-Chalmers Mfg. Co. 

+ Reference numbers as shown herein correspond with Bibliography at end of 
the paper. 

Notre: This paper was the fourth of eight contributions presented at a Joint 
Meeting of the A.F.A. and the American Society for Testing Materials held as a 
part of the 1933 Convention of the American Foundrymen’s Association. 
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‘*A number of the members of the committee have 
felt that one size of test bar will not give results that 
are representative of the various sections used in gray- 
iron castings. Consequently it was urged that the com- 
mittee set up three distinct sizes of test bars to represent 
light, medium and heavy section castings.”’ 

Thus was forecast the present tentative specification which 
comprises bars of three diameters to represent various sections 
and which was proposed and adopted as tentative by the A.S.T.M. 
in June, 1932. 

In our 1929 report* an attempt was made by F. B. Coyle to 
express by a formula the relation of strength to section of casting. 
Articles on this subject appeared also in the A.S.T.M. Symposium 
on Cast Iron,* in 1929. Mr. Rother here restates some of his 
results as follows: 

‘With increases up to about 2 in., the strength 
changes rapidly. Above 2 in. the variations in average 
structure are not so great, and the decrease of strength 
with increase in dimension is not so pronounced.”’ 

The writers’ tests’ given at the same symposium, made on 
bars cast 1.25 to 4.0 inches in diameter, show a loss in tensile 
strength as the sections increase, about as follows: 

(1) For soft cast iron, silicon 2.25, nearly 8 per 
cent loss for each increase of 1 inch in thickness. 

(2) For a 25 per cent steel mixture, silicon 1.25, 

a loss of 5.7 per cent for each increase of 1 inch in 

thickness. 

(3) For a high-test iron, silicon 2.25 and nickel 
1.4, a loss of 2.6 per cent for each 1 inch increase in 
thickness. 

It should be noted that, especially in the first two grades of 
iron, the decrease was more rapid in the smaller sizes and the 
curves tended to flatten out as the bars increased in diameter. 

In the Sub-Committee report of 1930, articles by A. L. 
Boegehold® and M. V. Healy’ amplified the work already done 
along this line. 

In the report® of 1931, H. Bornstein reported upon a com- 
parison of various sizes of test bars representing castings from five 
foundries. Jas. T. MacKenzie reported on Tests of Cast Iron 
Specimens of Various Diameters and J. W. Bolton on the Corre- 
lation of Test Bar and Casting by the Volume Surface Ratio. 

The latter states briefly that test bars approximating the cool- 
ing rates of castings of simple shape may be chosen by calculating 
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the volume-surface area ratios of the castings and selection bars 
whose volume-surface area ratios are similar. In this way the 
speed of cooling is proportionally the same, and tests made of 
these test bars will closely represent the strength of the iron in the 
casting itself. This author is entitled to great credit for this novel 
and promising development, and the report will amply repay 
anyone for the time spent in looking it over. 

The British point of view (in respect to separately cast test 
bars and several sizes of bars) is similar to our own, but the 
French prefer the shear test. In this test a small specimen is 
hollow drilled from the casting itself. Shear tests are then made 
on it and these results translated into their tensile values. In this 
way the casting may be explored to great advantage. 

A paper® on this subject was given in 1926 before the A.F.A. 
by G. K. Elliott, with discussion by W. H. Rother. Another 
paper’® was given before the A.S.T.M. in 1931, by H. H. Judson. 
In general, however, the American point of view is that, while the 
shear test is of value as a research tool, the transverse and tensile 
tests on separately cast bars are to be preferred for general use. 

For many years the standard American test bar had been 
supposed to represent the iron in the ladle and not the iron in 
the casting. In 1932, however, Committee A-3 finally recommended 
to the A.S.T.M. as a tentative standard, Specification A48-32T 
which divides cast iron into seven different classes along the 
lines of their tensile strength. Test bars of three diameters are 
used to represent various castings, according to section size. Speci- 
fications and test bars will be discussed in some of the following 
papers at this session. 
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Factors of Mechanism 
of Testing 


By Jas. T. MacKenziz,* BirminaHam, ALA. 


In the testing of cast iron, there are points in relation to the 
equipment and its manipulation which are of special importance 
in securing accurate data. These are discussed briefly for the 
benefit of the less-experienced testing machine operators and those 
who contemplate testing cast iron. 


Transverse Test. 

Errors in load measurement in the screw machines are due 
to worn or dirty knife edges, looseness of the driving screw on the 
scale beam and ill adjustment of the balancing weights. The 
hydraulic machines are subject to bent pointers, friction and 
hysteresis losses, leakage, and adjustment of the lever weighing 
system in some types. The fact that a machine gives the correct 
reading in the static condition of a calibration does not prove that 
it will register the correct load in a rapidly made test. For 
that reason, tests made very slowly are generally more accurate 
than those made rapidly. 

The measurement of deflection is one of considerable difficulty. 
All measurements dependent upon the movement of the head of 
the machine are apt to give errors of commercial magnitude. Cross- 
heads tilt, especially the heads of the large universal type ma- 
chines. Yokes that are hung from the bar, as in the common 
machines built solely for transverse testing, are much more reliable. 

A common source of error in such machines is in reading the 
cross-head movement after the bar has broken, neglecting the 
fact that it drops from 0.03 to 0.10 inch (and in some old machines 
more) after the bar is broken. This is due to the necessary play 
in the screws. The cross-head is pulling against the bottom of 
the threads at the break, and then sits on the top of them after- 
ward. If the observer keeps his eye on the vernier and caiches 
the reading at the break, fairly accurate results are obtained. 


* Metallurgist, American Cast Iron Pipe Co. 

Note: This paper was the fifth of eight contributions presented at a Joint 
Meeting of the A.F.A. and the American Society for Testing Materials held as a 
part of the 1933 Convention of the American Foundrymen’s Association. 
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The ordinary string-over-a-pulley method of transmitting de- 
flection to a drum is especially prone to error and requires prac- 
tically frictionless bearings for success, as the string (or wire) 
stretches and then jumps too far, ete. It is almost impossible to 
get a decent measurement starting from the zero load point. If 
the attachment is good mechanically, a satisfactory reading usually 
can be made by starting the crosshead, with the connection to drum 
already made, at some distance above the bar. This gets the de- 
flection device to moving before the load comes on, takes all of the 
slack out of the system, puts the string or wire in the proper ten- 
sion, ete. It gives a very convenient diagram of the form shown 
in Fig. 1-A. 

All the string-over-pulley devices known to the writer fail if 
attached to the bar itself, for the reason just stated. 

The bottom of the bar is, however, the most accurate point to 
use for deflection. A lever-type extensometer with a factor of at 
least ten works well, and a dial gage reading to thousandths is con- 
venient for direct reading if provision is made for protection of 
the gage from the slap of the broken bar. Care must be taken, espe- 
cially in testing round bars, to see that the contact head of the 
gage is large enough to allow the bar a little lateral motion on the 
supports without changing the reading (illustrated in Fig. 1, 2 
and F.) 

A convenient form used by the writer for testing large speci- 
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mens in a big machine is shown in Fig. 2. This consists of an 
aluminum I-beam under the specimen and a dial gage following 
the other end of the beam at an equal distance from the fulerum 
on the edge of the bed plate. At the breaking point the beam 
jumps up several inches but is caught by the band before it falls 
back on the gage. <A typical set of curves (three bars of the same 
iron) on 2.20-inch diameter and 8-inch span—a very small total 
deflection—is shown in Fig. 3. This test procedure requires three 
men; one to balance the beam, one to read deflection, and the third 
to record the readings. 

Whatever type is used, it is imperative to plot the results and 
examine the curves carefully to see if the deflection proceeds 
smoothly with the load. Several types of curve resulting from 
error in deflection or load readings are shown in Fig. 1, B, C 
and D. 


Tensile Test. 

The tensile test is, in addition to errors in the machine weigh- 
ing system, quite sensitive to errors in alignment of the specimen 
as a transverse stress reduces the tensile values rapidly. For the 
highest accuracy some such device as the Robertson shackles should 
be used. 

Cast iron is not particularly sensitive to surface finish, neither 
are fillets so important; but it is well worth while to prepare the 
specimen exactly according to drawing and give the surface at 
least a fair polish. 

Hardness Test. 

Hardness is best determined by the Brinell test, using a ball 
of 10 mm. diameter with a load of 3000 kg. Good judgment is 
necessary in selecting a sufficient number of points to give a com- 
plete picture of the casting. The machine should be calibrated 
from time to time and the ball carefully watched and discarded at 
the first sign of flattening. No reading should be accepted which 
shows a crack—for instance, in an impression made too close to 
the edge—as such a reading will be low. In testing thin or small 
castings the 5-mm. ball and a 750-kg. load is useful, as is also the 
Rockwell machine with the 1/16-inch ball and the 100-kg. load 
(B seale). Any results from these small balls should be taken only 
if sufficient readings have been made to establish definitely the 
hardness as, especially in soft irons, they are likely to give very 
erratic results. 








Factors in the Production 
of Test Bars 


By Jas. T. MacKenziz,* BirMInGHAM, ALA. 


The rules for molding and pouring test bars are the same 
as for any other casting of similar shape and section. The indus- 
try suffers in a great many instances from the indifference of the 
molder on this job who expresses himself by the statement, ‘‘It’s 
just a test bar.’’ 

The results on bars tested in the ‘‘as cast’’ condition are 
sharply influenced by the condition of the surface, the high-test 
cast irons being especially sensitive to surface conditions while the 
soft irons are not. Particularly troublesome are the dirt or slag 
particles that are caught just in or partly beneath the skin of the 
bar, and this trouble is by no means confined to bars cast on the 
side. 

A few of the most important desiderata in the molding and 
pouring of test bars are as follows: 

(a) <A strong, permeable and refractory sand. 

(b) <A facing which adheres well to the sand and peels 
cleanly. 

(ec) Gates placed so that the middle or highly stressed part of 
the bar is not subject to shrinkage or uneven heating, and does 
not have to be chipped or ground. 

(d) Molds should have a good finish without slicking or 
swabbing. Fins which produce chilled spots on the bar are espe- 
cially obnoxious. 

(e) Pouring should be neither too hot nor too cold. In gen- 
eral, a temperature should be used which will just fill the mold 
with liquid iron. This will be about 100 degs. Cent. above freezing 
point for a 2.0 inch bar, 150 degs. Cent. for the 1.20 inch bar, and 
200 degs. Cent. for the 0.875 inch bar. At such temperatures, 
reasonably slow pouring gives the best results in giving clean, 
sound bars. If the iron must be poured colder it should be poured 
faster, and vice versa. 

* Metallurgist, American Cast Iron Pipe Co. 

Mecting of tae AVA. and the American Sealey tec Seung Mahectews Wid os © 
part of the 1933 Convention of the American Foundrymen’s Association. 
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(f) <A thoroughly dry ladle should be used, preferably pre- 
heated to at least a dull red or higher. 

(g) A skim gate should always be used. If not, very careful 
skimming is necessary. 

(h) A runout mold should never be 
in effect, then a hot mold. 

(i) In high-carbon irons, horizontally cast bars often give 
considerably higher carbon and more open grain on the cope side. 


‘ , 


‘eaught up’’ as this is. 


A vertically cast test bar is preferable for such material. 














Wear Tests and Value of Hardness 
Testing for Control of Product 


A. L. Bore@eHoup,* DeErrorr 


The first section of this paper is devoted to a description of 
various types of wear tests which have been conducted by inves- 
tigators in the past. In all of the reports of wear testing exam- 
ined, it was found that no two were conducted under like condi- 
tions. No investigator apparently has ever attempted to check 
the work of another. However, in spite of this lack of agreement 
in making tests to determine resistance to wear, it is remarkable 
that so many of the conclusions agree. 

Methods for conducting wear tests may be classified in several 
groups, somewhat as follows: 

(1) Service tests. 
(2) Accelerated service tests. 
(8) Laboratory tests in which service conditions 

are simulated as nearly as possible. 

(4) Laboratory tests under some arbitrary set of 
conditions. 
Ciass 1—Service TEsts 

A large amount of wear testing of this type is continually 
going on. Such tests are the most conclusive of any wear tests 
and also are probably the most expensive. By far the greater part 
of the results obtained with this type of test are never reported 
in the literature. 

A few examples of testing in this class which have been re- 
ported are the work of Kuhnel't who tested various grades of east 
iron in locomotive valve rings and valve boxes. A German com- 
mittee of iron founders and railroad men* conducted tests of cast 
iron in brake blocks in actual service on railroad carriages. Gall- 
witz* made tests of materials for plowshares; his service tests made 
on plows in the field were made for the purpose of correlating with 
a larger number of laboratory tests. 

* Metallurgist, General Motors Research Laboratories. 


+ Reference numbers as shown herein correspond with the Bibliography at the 
end of the paper. 


Note: This paper was the seventh of eight contributions presented at a 
Joint Meeting of the A.F.A. and the American Society for Testing Materials held 
as a part of the 1933 Convention of the American Foundrymen’s Association. 
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Cuass 2—ACCELERATED SERVICE TESTS 


This type of testing is represented by the work of Bornstein,‘ 
who tested the wear in tractor engine cylinders by running the 
tractor for 20 hours in high gear under the following conditions: 

(1) Crankease oil—Mobile BB diluted one-third with 
distillate. 
(2) Filter collar removed from air cleaner. 
(3) Dirt or abrasive injected at rate of 1% lb. per hour 
for 6 hours. 


Cuass 3—Lasoratory Tests SIMULATING SERVICE CoNDITIONS 


Results obtained in laboratory tests can be relied upon only 
when materials of known value in service are first subjected to the 
laboratory test and are rated in the same order as determined in 
service. When this can be done, the laboratory test becomes of 
great value because it permits the testing of a much greater va- 
riety of materials than can economically or conveniently be tested 
in service. The attainment of the test conditions which will give 
this result is sometimes very difficult. The logical course to pur- 
sue, obviously, is to make the test conditions as near like service 
conditions as is possible. 

Examples of tests which have aimed in this direction are given 
below. 

Saniter® simulated the action of rolling friction encountered 
on railroads by rotating a horizontal cylindrical specimen which 
drives the inner race of a ball bearing producing a rolling motion 
between the specimen and the inner race of the ball bearing. The 
inner race diameter of the ball bearing is considerably larger than 
the diameter of the specimens. The Saniter wear number is based 
on the reduction in diameter of the test piece in ten thousandths 
of an inch during a certain number of revolutions of the test piece 
compared to the loss of a standard bar under similar conditions. 
The Saniter test as conducted by the National Physical Labora- 
tory® consisted of a cylindrical specimen 1 inch in diameter revolv- 
ing at 2200 r.p.m. A hardened steel ring 114 inch inside diameter 
rolls on the 1-inch specimen with the inside of the ring in contact. 
This hardened ring is surrounded by a ball bearing mounted in 
an adapter from which is hung a load of 410 lbs. 

Lucchini and Ros’ also were interested in wear of rails. They 
used an Amsler machine with test pieces in the form of 4 em. 
diameter dises, 1 em. wide, pressed together under 40 kg. and 
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rotating at speeds of 200 and 180 r.p.m., respectively, in order to 
produce slippage. The slippage is somewhat greater than ex- 
perienced between locomotive wheels and rails, but results were 
stated to agree with service results. 

Hengstenberg* studied the resistance of metals to erosion by 
water impact. Two specimens mounted oppositely on an impeller 
cross the path of jets of water from two nozzles parallel to the 
impeller shaft. The erosion produced in a few minutes at a 
peripheral speed of 600 to 1200 ft. per second represents several 
years of average operating conditions. 

Rogers® studied the wear resistance of steels in contact with 
moving abrasives. Two specimens 1% in. in diameter and 3/16 
inch thick are carried at the ends of arms revolving inside a casing 
which has fixed ribs placed to prevent swirl of the mixture of 
water and coarse emery with which it is partly filled. The loss 
of weight is measured after running for a period of 10 minutes at 
1500 r.p.m. 

Gallwitz* arranged a laboratory test simulating the conditions 
causing wear of plowshares. The shares were mounted on a re- 
volving frame passing through sand held in a ring-shaped cement 
canal at 3 meters per second. The cross-section of the sand ring 
was 80 em. wide by 40 em. deep. Building sand from 1 to 44 mm. 
grain size (mostly 14% mm.) was used kept at 10 per cent moisture. 
Weight losses were 5 to 30 g. per 10-km. run in the laboratory, 
and 30 to 600 g. in field tests per 3-km. run. Good correlation was 
obtained between laboratory and field results. 

Blake'® used the Fahrenwald machine to test steels under con- 
ditions encountered in wet grinding operations. Test specimens 
under load were moved in contact with abrasive material and water 
in an annular trough with controlled abrasives, speed, pressure, 
time and moisture. 

Hall'' used a small stone crusher fitted with jaws made of the 
steel to be tested in determining the best steel to resist the action 
of stone crushing. He noted that Amsler and Brinell machines did 
not give results that indicated how a steel would behave in service. 

Parker’? tested tire chains by rubbing them on a grinding 
wheel under controlled conditions. 

French and Herschman™ built a machine which simulated the 
conditions attending the inspection of holes in metals by means 
of plug gages. 
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Cuass 4—Laporatory WEAR Tests UNDER ARBITRARY CONDITIONS 


Robin'* rubbed test specimens against a rotating dise faced 
with emery paper. Loss of weight was measured after rubbing 
200 meters. Diameter of the rubbing track was 150 mm. The 
sample was 15 mm. in diameter. The rubbing speed was 1.15 
meters per second and loaded with 1 kg. per sq. cm. 

The Brinell abrasion testing machine is described by Rosen- 
berg and Herschman.'* This machine produces wear by the action 
of sand fed between the specimen and the periphery of a disc of 
open-hearth iron pressed against the specimen. Rosenberg’® used 
this apparatus to test the resistance of steels to abrasion by sand. 

A number of investigators have used the brake shoe test in 
which the specimen is stationary and is pressed against a rotating 
steel or cast iron drum in a manner similar to the brake shoe on 
a car wheel. This test has been used by Lehman,’’ Boegehold,’* 
Scharffenberg,’® Lowry”? Spazier*! and others. The Spindel ma- 
chine used by Piwowarsky”® and Klingenstein* is a modification 
of the brake shoe test in that the rotating drum is so thin that it 
becomes a disc. The test specimen pressed against the thin edge 
of this rotating dise is cut as if by a grinding wheel. The length 
of this incision or the depth after testing for an arbitrary length 
of time is the measure of wear resistance. 

Another form of drum test was used by Swift** in which the flat 
side of the drum was used as the rubbing surface for three test 
specimens evenly spaced around the track 120 degrees apart. 
This type of test lends itself well to the determination of frictional 
coefficient. 

The test conditions used for the above drum type tests are 
given in Table 1. It will be noted that in all cases the rubbing 
speeds are comparatively low and, except for tests by Spazier, the 
loads are quite low. These are obviously not the conditions that 
would ordinarily exist in service. So far as the work done by the 
author is concerned, it was found that at the rubbing speed used, 
the load could not be increased very much without danger of 
galling and scoring occurring, especially in some of the low-com- 
bined-carbon irons. This consideration presumably influenced the 
other investigators to use low loads and speeds for their test con- 
ditions. This may be cited as one objection to the practice of 
conducting wear tests without lubrication. 

Swift, in common with the author and others, in discussing 





A. L. BorEGEHOLD 


ou 


804 


“U01}89 
“faqaT 


guou 


Quou 


euou 


Quou 


euou 


auou 


euou 


euou 


uorqBo 
le | 








08I—Z “ON ("uid [) S191 Gd *80Y 
peo'T “34 OF $28 00Z—T “ON +6E°0 (‘urur OF) ¢Ze°T ap yurqoony 
00¢—Z “ON ("urd T) ("urur O¢ - 08) " 
“w3 1100 °F $000 “url 09 peoy “34 0¢ £0r 0—T “ON +68 °0 46°1-8I'T AYSIBMOM IT 
“4807, JO “ut ‘bs Jed ‘sq “urur sod *4j *s19][0Y Jo “seyouy “seyouy 
“QU BI0M JO S807] uolzBing ‘soeping Buiqqny ‘peedg Zuiqqny ‘Wd ‘s10[[0Y ‘s10[[0Y Jo *107BB1}90AUT 
48 ainsselg JO WIPIM Ja}OWIBIGT 
ISG] YAM AdAT, UWISNHY 
3 P198.L 
“TBOM 
*S9UIUIIOJEP 43ND ("AGI ONST) ouryouyy odA Ty jopuidg 
eA0013 Jo Yydaq] “urUl Yeg 19938 PpeoT “aq[ IT Sth Asoydiieg ("Uru g) G61 OX("UID OT) F6°E UlezSuaZUITY 
“@OB}INS 408} 
-u0d jo “ud “bs sed ‘md [xX “UNDE PpBo'yT ‘sq] ¢¢ oulqoepyy edAy Jojsury 
“WZ $6°00F S100 O “UrUT OT 6€°0 X SIT [9948 000°Z1 GL Aroydtiog ("ur9 [) 06E'OX("UID F) Gzg'T Joizeds 
“IOADT “IE ‘ul'd"1 ggg (BIBq 
“sy 0OOT JO pugy 3B “9M ‘“sq[G,] yuUelolyynsuy) Asoydiog “UDAIZ JON, AIMO'T 
er ' { ‘sqizz‘It‘9'9 } 
IND Jo yyBue'T Aq [8 jpso'T “suaqyau7 | aulyoe jepuids 
Peinsvow WIM “UlUT OT uoqiByDO %EZ'0 |3ND 8B sesvei0eq ( ell Asoydieg (‘uur [) 680° X(UIUT 90g) BIT AysuBMOMIT 
|[pue q3IfT 891839) 
(s1030UI 
00% 1°93 
“wa ‘bs Burqqni) yovly, 
Jod surwiay[iyg “Uru 6° Z “UIBIP 6¢°0 Jodeg A1euiy (an a 92% oPlS 1A Buiqqny jourviq uve_ 2°¢ ulqoy 
{ Butury oyvsg) 
i o[ey ‘ezuoig} 
a {| guouoeds | |--soyg ‘uoay| Pe : pom : 
824 001 18 4OIyL S281 0} 48¥Q ‘“[o03¢/ 0€ 02 ‘OL aa OPIS 3A Surqqny jo ‘urelq uBay ¢oEg'¢ qIMg 
\ X#poxzgo | PIIW "19038 
Iver) AOT[CIIIN: 
Toul O8T 
uoJ] Jeput[Ad u0q 
"m3 90'90F0G 0 ‘“S1Y FZ %XO' 1X84 “IBD “QUI0Y) 9F'0 a 009T Aroydued 34% 8  Pployeseog 
19998 SILT [P°GM FIT ; 
“WIZ [97 03 SFO ‘S14 Z =: BL OXGRB OXRT'T uol] 48BQ 2 Lot Aroydiieg I Sen usulyo’y 
480,], Jo seyout *[BLI87B ‘ul “bs Jed ‘sq ‘ulur Jed “yy «ueuTtoedg yZIM ‘soqouy ‘soqouy “109831 
“Q43I0M JOSsO'T UuolZeING ‘peysey ueUTIOedg uiniq ‘aoujing Zuiqqny ye ‘peedg Zurqqny qoBquog ‘G9PIM ‘1oyOUIVIGqG = -S8AUT 
jo ez1g oinssaig jo qulog ———-suoisueuliq] wnag3———-— 


‘WAY ONILVLOY 
T 91981 








5SO Cast [RoN TESTS AND SPECIFICATIONS 


the reasons for conducting tests without lubrication to find out 
how materials will wear when lubricated, says that if lubrication 
is perfect, no wear occurs at ail; if it is imperfect, it is next to 
impossible to control, and wearing action depends as much on 
intermittency of lubrication as on any intrinsic property of sur- 
faces in contact. 

We should realize that in actual service the rubbing speed and 
the unit pressure prevailing at the time when metal-to-metal cor- 
tact is established between two imperfectly rubbing surfaces, is 
usually greatly in excess of the speeds and pressures adopted for 
laboratory tests without lubrication. In spite of this discrepancy, 
the results obtained by testing dry seem to indicate what service 
results will be. 

Piwowarsky** aiso used the Amsler machine, keeping one dise 
stationary. This makes the test similar to the brake shoe test, 
except that the contact area is constantly changing and the unit 
pressure continually diminishing from a very high value when 
the stationary disc is still completely round, down to a much lower 
pressure after wear has taken place. The loss of weight in the 
presence of lubrication being quite small, the change in unit pres- 
sure would uot be appreciable. The conditions used for this test 
ace given in Table 2. 

Klingenstein®* used a test which is somewhat of a departure 
from commonly used wear tests. His cast iron specimen was in 
the form of a blunt drill 1 em. in diameter which rotated at 325 
r.p.m. while pressed against a flat cast iron piece 3x 3x1 em. un- 
der a pressure of 24 kg. per sq. em. (598.5 lbs. per sq. in.) The 
sum of the weight losses of the flat and the cylindrical specimens 
after ten minutes running without lubrication was the measure 
for wear resistance. 


ConcLusIONS CONCERNING WEAR or Cast [RON 


With a number of investigations, each year reporting their 
results on the wear testing of cast iron. it should soon be possible 
to form a very definite idea about the wear resistance of this mate- 
rial. How much better it would be if two or three types of wear 
tests for studying wear under different circumstances could be 
selected and a standardized test procedure established for each 
type of test so that the results of each investigator’s works could 
be correlated with every other work on the same phase of the 
subject. 
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A summary of the conclusions reached by the various inves- 
tigators who have tested the wear resistance of cast iron will give 
an idea as to the value of the various types of tests. 

Lehman,'* using the brake shoe type test, concluded that: 

(a) Brinell hardness does not indicate the fric- 
tional resistance quality. 

(b) Chemical composition cannot be used as a 
guide for judging abrasion qualities. 

(ec) Abrasion resistance against steel is in- 
creased with increasing pearlite content and is in- 
fluenced unfavorably by the presence of phosphide 
eutectic. 

(d) Gray cast iron with full pearlitic structure 
has the minimum abrasion when run against steel or 
cast iron. 

Scharffenberg,'® using the brake shoe type test: 


(a) Brinell hardness and wear showed a certain 
relation. 

(b) Silicon increases wear at contents of more 
than 1.7 per cent. 

(ec) Manganese decreases wear slightly up to 1.5 
per cent Mn, above which content the wear increases 
greatly. 

(d) Phosphorus and sulphur both cause dimin- 
ished wear as these elements increase. 

(e) Temperature occurring during the wearing 
does not indicate the resistance to wear. 


Klingenstein,”* using a brake shoe test of the Spindel 
type: 

(a) In annealed east iron (ferritic) below 160 
Brinell hardness, the wear showed little change up to 
0.55 per cent phosphorus; from 0.55 to 1.9 per cent 
phosphorus, the wear was reduced 33 per cent. 

(b) In pearlitic cast iron not annealed, having 
Brinell hardness of 210 to 240, wear was very little 
affected by phosphorus up to 0.70 per cent. From 0.70 
to 1.35 per cent phosphorus, the wear was reduced 25 
per cent, with no further effect above 1.35 per cent 
phosphorus. 

(ce) The pearlitic iron of 210 to 240 Brinell 
hardness wore only one-half as much as the annealed 
iron of 160 Brinell. 


Klingenstein,”® using his blunt drill test, found that: 


(a) Minimum wear occurs when the two parts 
are of equal hardness. 
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(b) Phosphorus increase from 0.4 to 1.0 per 
cent, decreased wear 42 per cent. 

(ec) Chromium increase from 0.3 to 0.7 per cent, 
decreased wear 25 per cent. 

(d) Chromium plus nickel increase from 0 to 1.8 
per cent, decreased wear 25 per cent. 

(e) Manganese increase from 1.0 to 1.65 per cent, 
decreased wear 8 per cent. 

(f) Silicon increase from 1.15 to 2.0 per cent, 
increased the wear 65 per cent. 


22 


Piwowarsky,”? using the Spindel type test dry and the 
modified brake shoe test on an Amsler machine lubricated, 
found that resistance to wear is greatly increased with in- 
creasing phosphorus up to 0.8 per cent. 

Bornstein,* in an accelerated service test, found that 
tractor engine cylinders containing 0.70 per cent nickel and 
0.22 per cent chromium, having a hardness of 143 to 159 
Brinell, wore 25 per cent less than cylinders without alloy 
having a hardness of 118 to 130 Brinell. 


Boegehold,'* using a brake shoe test, found that: 


(a) Wear resistance of cast iron in contact with 
east iron containing 0.46 per cent combined carbon in- 
ereases with combined carbon, reaching a maximum at 
0.80 per cent combined carbon. 

(b) Permanent mold cast iron wore at a rate 
many times faster than sand-cast iron of the same 
combined carbon content. 





Swift,2* using a drum test with specimen rubbing on 
the flat side, concluded that: 





(a) Asa rule, a metal wears much more rapidly 
against itself than against any other metal, and in a 
general way the more different the nature of the two 
metals, the better do they resist wear. 

(b) Other conditions being equal, it is expected 
that a hard material will resist abrasion better than a 
soft one, and in general this is confirmed by the present 
tests. 

(ec) Suitability of materials for wear should be 
determined not as individuals but as pairs. 









Lowry,”° using a brake shoe test, found that wear de- 
creased progressively with increased phosphorus from 3.75 
per cent for 0.195 phosphorus to 1.5 per cent for 0.911 
phosphorus. 
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He gives a chart purporting to show no relation be- 
tween Brinell hardness and wear. It is difficult to interpret 
this chart, however, because points are recorded represent- 
ing irons which apparently have Brinell hardnesses of 42, 
44, 50, 58, 65, 80 and 90 Brinell, as well as others between 
110 to 220. 

He mentions the glazing of soft cast iron when running 
against hard cast iron so that the soft iron wore less than 
the hard iron. More rapid wear occurred when two hard 
irons were run together. This does not agree with Kling- 
enstein’s results, which showed the least wear when two 
irons of the same hardness were run together. 

Robin,'* using an abrasion test with emery paper, 
found that: 

(a) Resistance to wear increases with the amount 
of free cementite and with the percentage of phos- 
phorus. 

(b) Free graphite does not appear to influence 
the results. 

Spazier,” using a brake shoe type test on an Amsler 
machine, found that: 

(a) The lowest rate of wear occurs with high 
combined carbon and high phosphorus. 

(b) Wear is not related to tensile strength. 

(ec) Specimens over 210 Brinell had much lower 
wear than softer ones. 


(d) <A specimen of 200 Brinell wore about six 
times as much as one which was 169 Brinell. 





valve boxes that ring failure was greatest below 140 Brinell, 
and that with a 10 point difference between the hardness of 
ring and box, the wear is least, being only half that when 
both are of the same hardness. The greater the difference in 
hardness between ring and box, the greater the wear. 

A German committee of iron founders and railroad men? 
found that, in general, wear decreases with increasing hard- 
ness, but with many exceptions. Best results were obtained 
with pearlitic structure. 


Kuhnel' found in testing locomotive valve rings and 





General Conclusions 


Certain conclusions to the contrary, the general picture ob- 
tained from all this work is that increased hardness, or the addi- 
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tion of elements which form hard constituents in the iron either 
by going into solution or by combining chemically, results in de- 
creased wear. It is unfortunate that those who have published 
conclusions contrary to this picture have not given more details 
as to the microstructure and history of the metals tested or other 
details which might explain the deviation from a naturally ex- 
pected result. The reason for exceptions to the general conclu- 
sions above is not now known, so that future work on wear testing 
should be conducted for the purpose of establishing these causes. 


VALUE oF HarpNEss TESTING FoR ConTROL OF Propuct 


Hardness testing has been and will continue to be a satisfac- 
tory means of inspecting the quality of cast iron articles. The 
value of hardness testing for control of product does not depend 
upon any broad relationship between hardness and other physical 
properties of cast iron. By selection of the proper examples from 
various kinds of east iron, it can be shown that hardness has no 
relation whatever to strength, machinability or resistance to wear. 
On the other hand, it can be shown that the normal variation in 
hardness experienced during the daily manufacture of one grade 
of east iron, is directly related to strength, machinability and wear. 

Having established by service tests the strength, wear re- 
sistance or other physical property limits necessary in the cast 
iron for a particular part, hardness tests can be made upon irons 
possessing properties at the upper and lower limits. These values 
for hardness then become an empirical yardstick which may be 
used as a convenient means for daily or hourly checking the pro- 
duct. Having established the relationship between hardness and 
the physical properties necessary to the successful performance of 
the casting, the hardness test will tell whether the product falls 
within the specified property limits, just as well as will tests for 
the properties themselves. 

Physical property tests such as resistance to wear, tensile or 
compressive strength, ete., are much more troublesome to make 
than a hardness test, consequently a great convenience is afforded 
by substituting the hardness test. The advantage of the hardness 
test is that for important castings, every casting can be tested, 
thus providing assurance that each casting shipped will give sat- 
isfactory performance. This, obviously, would be impossibie with 
physical property tests, which usually require destruction of the 
casting. 
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Just as physicial properties of castings are calibrated in terms 
of hardness in order to get a control test to be used for rejection 
or acceptance of castings, another calibration may be made in 
terms of depth of chill obtained when the iron is cast against a 
chill block. This test is frequently used for testing the molten 
metal being poured into castings. Such a test can be made long 
before a hardness test could be made on one of the castings, con- 
sequently, any deviation of the iron from the quality desired is 
quickly realized and adjusted before too many castings are poured 
from ‘‘off’’ iron. 

Many examples could be given where hardness is used as an 
acceptance test. A few will illustrate the point. Piston rings are 
specified between Rockwell B 98 and 106. Cylinder iron for cer- 
tain passenger cars must be between 163 and 207 Brinell hardness. 
Below the lower limit, excessive cylinder wear and valve seat wear 
may occur; above 207, machining becomes too difficult for the 
speeds and feeds which have been set for this particular grade of 


“ec 


iron. 

Cylinder iron for certain truck or bus engines must be be- 
tween 207 and 241 Brinell hardness. Brake drum, iron must be 
between 228 and 269 Brinell hardness. Below 228 Brinell, wear 
resistance is insufficient and strength falls below the required 
45,000 lbs. per sq. in. minimum. Above 269 Brinell, machining 
trouble is encountered. Obviously, on parts of this kind, a hard- 
ness test is about the only kind of a non-destructive test that can 
be made which can be translated in terms of physical properties. 
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A.S.T.M. Specification A48-32T 


By Jonn W. Bouton,* CINcINNATI 


The A.S.T.M. specification for gray iron castings (Specifica- 
tion A48-32T) is in some respects radically different from the 
specifications for gray iron castings and for high-test gray iron 
castings which preceded it. To clearly understand the significance 
of the present specifications it is necessary to review briefly the 
various factors which have influenced its evolution. 


History or A48-32T SprEciFIcATIONS 


The principle on which the older specifications were based was 
that a cast-iron test bar could be expected to indicate little more 
than that hypothetical measure, the so-called ‘‘quality of the iron 
in the ladle.’’ While the early work of Keep, West, Moldenke and 
others had clearly demonstrated that properties of cast iron varied 
with changes in sections, little was known about the quantitative 
influences of the various factors which caused these variations, 
and practically nothing was known about methods for correlating 
properties of test bars and castings. 

The so-called arbitration test bar has been in use since 1905 
and it was recognized that most foundrymen and engineers were 
unfamiliar with the radical changes proposed. Therefore, a cam- 
paign of education was undertaken informally by the committee. 

The report of Committee A-3 for 1928 contains the following 
significant paragraph: ‘‘The arbitration test bar for the trans- 
verse testing of cast iron has received further consideration during 
the past year. A number of the members of the committee have 
felt that one size of test bar will not give results which are rep- 
resentative of the various sections used in gray iron castings. Con- 
sequently, it was urged that the committee set up three distinct 
sizes of test bars to represent light, medium and heavy section 
castings.’’ 

It was felt that the data then available were not sufficient to 
allow formulation of a comprehensive specification. To meet this 
objection the A.S.T.M. encouraged a number of investigations, in- 
cluding those of J. L. Jones, R. S. MacPherran, A. L. Boegehold, 
M. V. Healey, H. Bornstein, J. T. MacKenzie and others. In 1929 


* Metallurgist, The Lunkenheimer Co. 


Note: This paper was the eighth and concluding contribution presented at 
a Joint Meeting of the A.F A. and the American Society for Melting held as a part 
of the 1933 Convention of the American Foundrymen’s Association. 
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it was recommended that a closer and more definite classification 
of irons by classes based on ranges of tensile strength be drawn 
up by Committee A-3, such classes to form a more definite basis 
for a suitable specification. 

In June 1931, Committee A-3 passed the following resolution: 

(1) It is felt that the engineering fraternity needs more 
information and assurance as to the quality of the iron in the 
castings than is given by the present specifications which 
indicate the so-called quality of iron in the ladle. 

(a) The present single test bar is inadequate in 
that it represents only one set section size. The proper- 
ties of gray iron are considerably modified by change in 
cooling rate, which in turn is affected by section size. 

(b) Therefore, it is deemed advisable to consider 
adoption of a series of three or more bars to cover a 
range of sections approximating the ranges found in 
usual commercial practice. 

(2) The function of the specifications is to indicate the 
intrinsic quality of material possible for a given section or 
range of sections, and not to enter into the field of workman- 
ship and design. It is recognized that no specification can 
assure the quality of a casting and entirely remove the re- 
sponsibility resting with the manufacturers. 

(a) It is felt that the committee can devise a set 
of specifications to better indicate the properties of iron 
in given sections, this to be done by means of physical 
test specifications for a series of test bars. 

(b) This should comply with the policy stated at 
the March, 1929 meeting, as follows: ‘‘Cast iron shall 
be known and listed by classes wherever there is no ap- 
plication name now; for example, pipe iron, cylinder 
iron, ete. Any names to describe quality shall be aban- 
doned ; for example, high-test cast iron, semi-steel, ete.’’ 

(ec) For each given size bar the classes are to be 
listed according to minimum tensile strength, as follows: 

1—15,000 
2—20,000 
3—25,000 
4— 30,000 





5—35,000 
6—40,000 
7—50,000 








ST 
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Further provisions are to be made for corresponding 

transverse tests and other test information. 
(3) One of the main functions of this committee is 
to educate those interested in cast iron to the possibilities 
and limitations of specifications as applied to this material. 
It will be necessary to do this prior to actual publication of 
the newer specifications, since these will represent a radical 
departure from established conventional practice. 

There was considerable discussion at this meeting, particu- 
larly relative to the series of test bars to be used. The 1.2 inch 
test bar was recognized as the tensile bar, but complete agreement 
was not reached on the smaller and larger sizes. Some time later 
a series of test bars was proposed by the Gray Iron Institute. 
This series as well as the British series of test bars was studied 
by the committee. Active cooperation of the various interested 
parties resulted in the development of tentative specification A48- 
32T, which was presented to the American Society for Testing 
Materials at the June, 1932 meeting. 

It is recognized that this specification is far from perfection, 
and Committee A-3 welcomes suggestions which would help to 
improve this specification. It is known that considerable work 
must still be done on the subject of test bars and correlation on 
sizes of test bars in order to secure adequate data to improve the 
specification. 


FEATURES OF THE SPECIFICATION 
(1) Classification by Tensile Strength. 


(a) The classification covers all the widely used commercial 
irons. In the specification, minimum tensile only is specified. It 
is not implied or intended that if an iron furnished as 25,000 
minimum runs, say, 31,000 that the specification has not been met. 
The upper limit in strength is a matter up to the individual con- 
sumer and producer, and in large degree depends on the degree 
of machinability acceptable to the consumer. Obviously, if the 
producer furnishes an iron which has in any degree a mottled 
or chilled fracture, he no longer is furnishing truly gray iron 
castings and the consumer has recourse within the specification. 

(b) Special attention is directed to Explanatory Notes 1, 
2 and 3. 

(ec) Careful researches by various metallurgists have shown 
that if tensile tests are conducted with reasonable care, the tests 
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are accurate, reliable and comparable. Practically all engineering 
formulas use tensile strength as a factor in computations, and 
this fact has influenced the selection of the tensile test as a basis 
of classification. 


(2) Transverse Test. 

(a) Transverse tests are optional. The committee recog- 
nizes that there is no definite ratio between tensile and transverse 
tests. The values for transverse load given are, generally speaking, 
somewhat lower than the average that would be obtained from 
irons of the respective tensile groups. 

(b) The committee has not yet determined what the most 
logical and equitable deflection values should be. There are many 
factors to consider, divergent points of view to be reconciled and 
further data to be obtained. It is possible that intermediate as 
well as ultimate deflection values may be specified. 


(3) Test Bars. 

The test bar sizes will represent in a fair way the effect of 
mass on cast iron. The present sizes were chosen after careful 
consideration of several series proposed, including the British se- 
ries which has been in use for a few years. A properly chosen 
series of test bars not only should give some indication of the 
influence of mass on iron, but also some consideration should be 
given to providing a series which permits logical casting section 
correlation to be evolved. The data at hand relative to this prob- 
lem are meager and are confined to the work of a few individuals. 
More research is needed. Test bars should be as few in number 
as is consistent with the actual needs of the trade. 

The fact that the British employ three bars and that their 
specification has been established for several years, suggests that 
in the interests of international standardization it might be desir- 
able to conform to their series. The two smaller bars in the A48- 
32T specification are identical in diameter and length with the 
British bars and are tested at the same span. Our largest bar is 
2 inches in diameter against 2.2 inches for the British, and is 27 
inches long as against 21 inches for the British. This permits our 
bar to be tested at a span of 24 inches instead of 18 inches. After 
careful consideration and discussion, Committee A-3 adopted the 
2.0 inch bar for our largest size bar. 

There is some demand on the part of manufacturers of light 
castings for a smaller bar than the 0.875 inch test bar, and some 
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work is now being done to determine the desirability of a smaller 
bar and the size of such bar. 


CHEMICAL COMPOSITION 


It is well known that irons of similar physical properties may 
be produced with a wide range of chemical analysis. Usually the 
consumer is buying castings for mechanical service and is inter- 
ested in getting sound and sufficiently strong castings at the low- 
est over-all cost. Therefore, analysis or composition can be left 
to the foundryman. If other properties are required, such as cor- 
rosion resistance, wear resistance, machinability, ete., it may be 
desirable to hold certain elements within definite limits, and this 
is provided in the specification. 


CERTIFICATION 


Certification is a new feature in this specification. In a 
foundry where tests are made regularly, it permits the manufac- 
turer to certify that his product conforms to the requirements of 
the specification. 

COOPERATION 


The present specification is an attempt on the part of pro- 
ducers and consumers on Committee A-3 to evolve a sound and 
equitable specification. It is a forward step in the effort to bring 
gray iron into the foreground as a leading material of construc- 
tion. The needs of engineers and designers have been recognized. 
The major principles underlying specification are sound. More 
research and study are required to clarify some of the details and 
improve the specification. The writer urges the cooperation of all 
interested parties in this development. 


WRITTEN DISCUSSION 


W. Woriey Keriin:' The adoption of specification A48-32T by the 
American Society for Testing Materials is the most important step toward 
the recognition of gray iron as a reliable structural material in several 
decades. This belief is based on two facts which have been elaborated 
in the papers of this symposium: (1) Gray iron is not a material but 
a family of irons capable of classification; and (2) gray iron should 
be tested in bars which approximate casting sections. 

Since the engineer believes that the tensile test gives more reliable 
design information and the gray iron founder uses the transverse bar 
as a control test, a careful correlation test should be made for each 


1Gray Iron Founders’ Association, Cleveland. 
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iron investigated by a particular founder. Information on transverse 
tests should include the following items: (1) A rigidity test; (2) trans- 
verse breaking load; and (3) transverse breaking deflection. 

The last two tests are familiar to all. The first item consists in 
noting the deflection when a given load, less than the breaking load, 
is applied to the bar. The amount of that load is governed by the tensile 
class to be met. A load that will give a maximum fiber stress, of % 
of the tensile strength, as calculated by the beam formula, has been 
found to be most serviceable. For example, a Class 20 iron should be 
stressed to 15,000 Ibs. per sq. in.; a Class 30 iron to 22,500 Ibs. per sq. in., 
ete. This deflection should be corrected to standard diameters and a 
maximum allowable deflection found for each type of iron. 

In applying these tests to foundry control, the rigidity test generally 
will be the first to fail if the iron in a series of runs becomes weaker. 
That indicates the danger point at which measures should be taken to 
prevent further reductions in strength. By this method, it is possible 
to keep an iron above the minimum requirements of a given A.S.T.M. 
number. The Gray Iron Founders’ Association has records of foundries 
which have done this 100 per cent for every heat since last August with 
an average deviation from the mean of 5.3 per cent. 

Maximum physical requirements often are as important as minimum 
limits because they indicate the point where machining difficulties of a 
higher class number may be expected. In this case, the transverse 
breaking load seems to indicate the first departure from average prac- 
tice. This should be the danger signal where measures should be taken 
to prevent hard castings. This criterion may be used to compare an 
iron of a given type over a series of runs. However, it cannot be 
applied in comparing one type of iron with another produced under a 
different set of conditions. 

It often has been said that gray iron castings are seldom sold on 
a purely tensile strength basis and, while this is true to a certain extent, 
the thought should not be dismissed without closer examination. Many 
of the most desired properties such as close grain in heavy sections, 
machinability in light sections, toughness, rigidity and others may he 
associated with certain tensile classes. Other pertinent data may sup- 
plement a given tensile classification to advantage once this fundamental! 
point of agreement is reached between founder and engineer. 


ORAL DISCUSSION 


J. T. MacKenzie”: I would like to discuss the transverse test be- 
cause of the statement which is made so generally that the tensile 
strength is what the designing engineer wants. I am connected with 
the cast iron pipe industry and one of the principal items with which 
we have to contend is transverse loading. A cast pipe of the old general 
character that we have used and which we still have to use in sizes 
up to 48 and 60 inches will show a tensile strength of 13,000 Ibs. per 
sq. in. as calculated by the pipe formula from a destructive test. If 


2 American Cast Iron Pipe Co., Birmingham, Ala. 
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the ring of that pipe is loaded in a testing machine, with earth or in 
any other mannev, the modulus of rupture will be approximately 40,000 
Ibs. per sq. in. 

Why design cast iron pipe using a fiber stress of 13,000 Ibs. per 
sq. in. to calculate transverse resistance when the figure that should 
be used is 40,000 Ibs. per sq. in.? There is no justification for such 
calculations. 

Take the case of the scale manufacturer. He is interested in a big, 
heavy beam. The grade of cast iron in which he is interested has a 
tensile strength of approximately 15,000 Ibs. per sq. in. for a scale beam 
10 in. deep by 8 in. wide or 16 in. deep and 4 or 5 in. wide but his 
useful modulus of rupture, if he is using a fairly long span, will be 
60,000 Ibs. per sq. in. Since most scale makers use short spans, the 
modulus probably will run 70,000 Ibs. per sq. in. The modulus of 
rupture increases as the span decreases. 

If the scale manufacturer makes a transverse test, he can know 
how much his beam will bend. In a tensile test, unless he has an 
accurate extensometer and uses it carefully, he does not obtain results 
which will permit him to calculate the modulus of elasticity or draw a 
stress-strain diagram. If he makes a_ transverse test, he knows the 
strength and deflection and can calculate the modulus of elasticity easily. 

Here is the information he wants. He will use the 70,000 lbs. per 
sq. in. modulus of rupture and give himself a safety factor of 3% to 1, 
which is plenty. That gives him a fiber stress of 20,000 Ibs. per sq. in. 
From the transverse test, he can use the modulus of elasticity of 
15,000,000 Ibs. per sq. in., figure his deflection and see what he has. 

The French long have recognized this and also the difficulty of 
measuring the deflection at low loads. With the small specimen they 
use, they measure the deflection between 100 and 400 kilograms. Break- 
ing strength of French test-pieces is approximately 500 kilograms. 

When a good, low phosphorus, low carbon, well treated cast iron 
is tested, a different type of curve results. If you are as interested in 
‘ast iron as you are in steel, you will want to know the modulus of 
elasticity for the stiffness of your beam. What you want to know is, 
if the beam receives a certain blow will it or will it not break? It would 
be justifiable to set a maximum deflection at the useful load and still 
set a minimum at the ultimate. 

In the transverse test, with a good load deflection, we find that 
the product of the load times deflection gives a close approximation of 
the impact resistance. The figure is as accurate as the shock test itself. 

W. J. Grepe*: In going over Mr. Boegehold’s paper, I am not sure 
that I understood Mr. Harrington's interpretation of the data on page 
582 in Klingenstein’s drill test, under (c) “Chromium increase from 0.3 
to 0.7 per cent, decreased wear resistance 25 per cent.” I am wondering 
if Mr. Harrington misquoted. He said that it decreased resistance to 
wear. In other words, wear is decreased 25 per cent by the addition 
of chromium. Is that your interpretation? 

R. F. Harrmctron!: Between 0.3 and 0.7 per cent, wear is reduced 


3 Liberty Foundry Inc., Wauwautosa, Wis. 
4Hunt-Spiller Mfg. Corp., Boston. 
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or resistance to wear is increased. I have been interested vitally in the 
question of wear. When Mr. MacPherran and I were in Europe in 1929, 
we made a particular effort to get the reaction of various engineers in 
European plants and foundries on this subject of wear, also the methods 
of measuring the wear or wear resistance of an iron. I remember in 
a large diesel engine plant they told us that they had found, after a 
great many investigations, that the only true method for determining 
wear was placing the material actually in the engine. 

They pointed out that to test an iron without lubrication when it 
was to operate with lubrication, gave absolutely no indication of the 
wear resistance that might be expected of the iron under operating 
conditions. 

We believe that when an iron operates in a cylinder with a minimum 
amount of lubrication, we may desire an entirely different type of iron 
than when it operates with a large amount of lubrication, as in the 
ease of an automotive cylinder. 

The question of high versus low phosphorus in iron was discussed 
with many European metallurgists. It was interesting to have them 
tell us that in their judgment the phosphorus should be run from 0.50 
to 0.1 per cent. The limiting factor in that connection was the fact 
that the casting might fail because of low resistance to impact or low 
resistance as far as other stresses were concerned. 

Since 1929, it seems that there is a slight tendency to get away 
from the idea that irons between 0.50 and 0.10 per cent phosphorus 
show greater wear resistance than those on the lower border of phos+ 
phorus. One large manufacturer of diesel castings now has adopted the 
low phosphorus idea, in the sense that they now have demonstrated 
that the lower phosphorus irons have given as good wear resistance as 
the higher phosphorus irons. 

J. W. Botton’: Wear resistance is an extremely complex property 
and, in materials in general, three factors, possibly more, are involved. 
One is the resistance to attrition or wearing away. Another is the 
resistance to galling or seizing. The third is resistance to different 
types of chemical decomposition. As a result of the cumulation of these 
and other factors, each time conditions are changed, an entirely new 
picture is presented. 

For example, in one type of wear, where the intensity of pressure 
is comparatively low, the danger of galling, seizing or breaking off the 
structure is negligible; in others, such as in the valve industry, the in- 
tensity of pressure may be high and we are interested in seeing that 
the material does not seize or gall. 

In seizing or galling, microscopic examination shows that there is 
practically a welding action between the two pieces if the temperatures 
are increased sufficiently. 

Take the question of high and low phosphorus irons. The hard 
steadite forms a fairly good riding or bearing surface if the pressure 
intensity is not too high. There is little attrition and practically no 
tendency toward galling or seizing. However, if the pressure is increased 





5 Lukenheimer Co., Cincinnati. 


i 
, 








eee + 











DISCUSSION 595 
sufficiently, surface distortions result and break off the hard steadite par- 
ticles. Those act as abrasives and rapidly chew up the material. 

There is one property of cast iron that should be extremely interest- 
ing to producers. It is something he can use in his sales propaganda. 
That is the unusual freedom of gray iron from the tendency to seize 
or gall. 

Some tests were presented before the A.S.T.M. in 1928 by N. L. 
Mochel,* Westinghouse Electric & Mfg. Co., Philadelphia, where he showed 
the tendencies toward seizing of certain metals, gray iron, alloys and 
nitrided materials. Others have repeated these experiments in various 
manners. Mr. Mochel was running under light pressures. We have done 
work under quite heavy pressures. 

An interesting point appears in that connection. Cast iron usually 
breaks down by reason of its mechanical weakness. Little particles are 
torn off. The more brittle these particles are, as in the case of steadite, 
the more likely they are to be torn off by sufficiently high pressure 
intensity. There is practically no tendency to gall, seize or weld to- 
gether. If two pieces of stainless steel are heated to 750 degrees Fahr., 
and are rubbed together slowly under fairly high pressure, they will 
almost weld together. They seize upon one another. Cast iron is 
practically free from that difficulty. 

Another extremely interesting test confirmed the old-timers’ claim 
that graphite in cast iron acts as a self lubricant. If the pressure ig 
high enough with a temperature of 750 degrees Fahr., the graphite comes 
out and forms a film on the surface. 

J. T. MacKenzie: There is one word that I want to speak for the 
transverse test. That is with respect to the newly popularized feature 
of the damping capacity of cast iron in connection with vibration absorp- 
tion. In damping capacity, cast iron is far ahead of the field. The 
damping capacity is inversely proportional to the modulus of elasticity. 
It is proportional to the deflection. An iron with 0.07 in. deflection, will 
show seven-fifths as good damping capacity as one with 0.05 in. deflec- 
tion. Thus, in making machinery to withstand vibrations, the deflection 
is the most satisfactory test. 

W. W. Keruin: I would like to confirm what Mr. MacKenzie has 
said. Recently, we made tests on the damping capacity of gray iron. 
Taking steel at 100 as the best, we found that a Class 20 iron when 
cast in a %-inch section, had a damping capacity of about 300, whereas 
a Class 30 iron, cast in the same section, had a damping capacity of 
about 200. It seems as though the higher tensile irons are less efficient 
in absorbing vibration than the lower tensile irons. That checks with 
the transverse rigidity test. With a given load, the higher tensile irons 
deflect less than the lower tensile irons. Therefore, the modulus of 
elasticity is higher in proportion. 


*The Seizing of Metals at High Temperatures, Proceedings, A.S.T.M., Vol. 
28, pp. 269-277, 1928. 
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